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PREFACE. 


=, IV the following Treatiſe I 
"BA -aveavoided Hypotheſes, 
and explained the Laws 
which obtain in human 
B odies, by Reaſon and Experiments. 
Hypotheſes, of whatever Nature, 
are not to be admitted in Philoſo phy. 
Now whatever is not deduced = 
the Phænomena, zs to be called an 


Hypotheſis. 


Harvey from Experiments and Ob- 
ſervations tracedl out the Circular Mo- 
tiom of the Blood. After him Lower 
made ſome farther Diſcoveries con- 

as cerning 
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cerning that Motion, and the Cauſes 
by which it may be diſturbed. After 
theſe great Men, the Knowledge of 
the Animal Economy recerved no 
very conſiderable Improvement, till Sir 
lſaac Newton d/covered the Cauſes 
of Muſcular Motion, and Secretion ; 
and hkewiſe furniſhed Materials for 
explaining Digeſtion, Nutrition, and 
Reſpiration. To Him I am chiefly 
mndebted for what I have delrvered on 
thoſe Heads, 


In this ſecond Edition / have ad- 
ded a Section concerning the Effects 
of various Fluids, of Age, of dif- 
ferent Kinds of Weather, and of 
Exerciſe, on animal Fibres. 
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TREATISE 


Animal Oceconomy. 


N this Treatiſe I ſhall 
TA bb | 
give an Account of 

the principal Parts of 

the Animal Oecouo- 
| my; which I ſhall ex- 
plain, not by Hypotheſes, but by 

Reaſon and Experiments: The Parts 
I ſhall treat of, are Muſcular Mos 
tion, the Motion of the Blood, Re- 

n ſpiration, 
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ſpiration, Digeſtion, Nutrition, Fe- 
cretion, the Diſcharges of Human 
Bodies, and the Effefts of various 
Fluids, of Age, of different Kinds 
of Weather, and of Exerciſe, on Ant- 
mal Fibres, 

In order to explain te Motion of 
he Blood, 1 ſhall premiſe an Ac- 
count of the Motion of Fluids thro 
Cylmarical Pipes, and prove the 
Properties of that Motion by Ex- 
periments. : 


SECTION I. 


Of the Motion of Fluids through Cy- 
lindrical Pipes. 


PRO POSITION I. 


F a groen Fluid be moved through a 
Cylmdrical Pipe made of a given 
Sort of Matter, by a Force acting con- 
| ſtantly 
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flantly and uniformly during the whole 
Time of the Motion; its Velocity, ſet- 
ting aſide the Reſiſtance of the Arr, 
will be in a Ratio compounded of the 
ſubduplicate Ratio of the moving Force 
direftly, and of the ſubduplicate Ra- 

tios of the Diameter and Length of 
the Pipe talen together inderſiy. If 
F denote the moving Force, D and L 
the Diameter and Length of the Pipe, 
and V the Velocity with which the 
Fluid runs through the Pipe; then V 

"9 


will be proportional 70 YT · 


For the whole Motion of the Flu- 

id lowing through the Pipe will, 
like all other Motions, be meaſur- 
ed by the Quantity of Matter mo- 
ved and its Velocity taken together, 
But the Quantity of Matter moved, 
is in a Ratio compounded of the 
Ratios of the Quantity of Matter 
or Weight of Fluid contained in the 
Pipe, of the Velocity wherewith 
501: - A 2 the 
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the Fluid flows through the Pipe, 
and of the Time of the Motion. For 
the Quantity of Matter or Weight 


of Fluid contained in the Pipe, is 


oppoſed to the moving Force du- 
ring the whole Time of its Action, 

muſt be moved by it for every 
indefinitely ſhort Cylinder of Fluid 
diſcharged by the Pipe; that is, for 
every phyſical Point in the Length 
of another Cylindrical Pipe of an 
equal Diameter with-that through 
which the Fluid flows, and of ſuch 
a Length as that it can juſt contain 
the Quantity of Fluid diſcharged 
in the Time of the Motion; which 
Length being as the Velocity of 
the Fluid flowing through the Pipe 
and the Time of the Motion taken 
together, the Quantity of Matter 
moved will be in a Ratio com- 


pounded of the Ratios of the Quan- 


tity of Matter or Weight of Fluid 
contained in the Pipe, of the Ve- 
INE Fr locity 
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locity wherewith it flows through 
the Pipe, and of the Time of the 
Motion. And the whole Motion, 


which is as the Quantity of Matter 


moved and its Velocity taken toge- 
ther, will be in a Ratio compounded 
of the ſimple Ratios of the Quan- 
tity of Matter or Weight of Fluid 
contained in the-Pipe, and of the 
Time of the Motion; and of the 
duplicate Ratio of the Velocity: 
Therefore, putting T for the Time 
of the Motion, and Q for the Quan- 
tity of Matter or Weight of Fluid 
contained in the Pipe; the whole 
Motion will be as QI V-. 


Setting aſide the Reſiſtance of the 


Air, this Motion would be propor- 
tional to the moving Force and 
Time of its acting taken together, 
that is, QI V would be proportio- 
nal to FT, if the internal Surface 
of the Pipe, by Friction, or Attracti- 
on, or both, did not act continually 


upon 


——— —᷑ͥ — ——— — 
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upon the Fluid moving through it, 
and cauſe a Change in its Motion 
proportional to the Efficacy where- 
with it acts; which Efficacy in a 
Pipe made of a given Sort of Mat- 
ter, is meaſured by the Ratio of the 
internal Surface of the Pipe to the 
Quantity of Fluid contained in it; 
that is, by DL applied to Q. 


And by Conſequence = will 1 


be proportional to FT: Whence V 


will be Proportiona to DI: 


Cor. 1. If the moving Force and 
Diameter of the Pipe, be both given, 
or be proportional to each other; 
the Velocity, ſetting aſide the Re- 
ſiſtance of the Air, will be in the 
inverſe ſubduplicate Ratio of the 
Length of the Pipe. If F and D 
be given, or if F be as D; V will 


1 3 
Cor. 
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Cor. 2. If the moving Force be 
as the Quantity of Fluid contained 
in the Pipe; the Velocity, ſetting 
aſide the Reſiſtance of the Air, will 
be in the ſubduplicate Ratio of the 
Diameter of the Pipe and Denſity 
of the Fluid taken together. Put- 
ting A for the Denſity of the Fluid, 
if F be as D*'L 4; then VV will be 
as VDA. 


Cor. 3. If the moving Force be 
as the Quantity of Fluid contained 
in the Pipe, and the Denſity of the 
Fluid be given; the Velocity, ſet- 
ting aſide the Reſiſtance of the Air, 
will be in the ſubduplicate Ratio of 
the Diameter of the Pipe. If F be 
as DL 4a, and à be given; then V 
will be as /D. 


Cor. 4. If the moving Force be 
proportional to the Square of the 
Diameter of the Pipe, and the 

Length 


4 ...... ͤ T.. ee ed 
F 


$ ATreatiſeof the 
Length of the Pipe be given, or if 


the moving Force be as the Capaci- 
ty of the Pipe; the Velocity, ſet- 
ting aſide the Reſiſtance of the Air, 


will be in the ſubduplicate Ratio of 


the Diameter of the Pipe. If F be 


as D', and L be given, or F be as 


D*L; then V will be as /D. 


Cor. 5. If the moving Force be 
as the Square of the Diameter of 
the Pipe; the Velocity, ſetting a- 
fide the Reſiſtance of the Air, will 
be in a Ratio compounded of the 
ſubduplicate Ratio of the Diame- 
ter of the Pipe directly, and of the 
ee rae Ratio of its Length 


inverſly. If F be as D'; then will 
D 


ane 4 


Cor. 6. If the moving Force be 
as the Capacity of the Pipe, and 
the Diameter of the Pipe be in the 

ſub- 
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ſabduplicate Ratio of its Length ; 
the Velocity, ſetting aſide the Re- 
ſiſtance of the Air, will be in the ſub- 
quadruplicate Ratio of the Length 
of the Pipe. If F be as DL, and D 


be as /L ; then vill V be as L.. 


Cor. 7. The moving Force, ſet- 
ting aſide the Reſiſtance of the Air, 
will be in a Ratio compounded of 
the duplicate Ratio of the Veloci- 
ty, and of the ſimple Ratios of the 
Diameter and Length of the Pipe. 
F will be as V*DL, 


ä 
Proof by Experiments, 


T O prove the Truth of this 
Propoſition by Experiments, 
I procured ſeveral Cylindrical Pipes 
of Braſs, of different Diameters 
245 7 B and 
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and Lengths ; each of which Pipes 
had one End fitted to ſcrew into 


the Side of a Veſſel filled with Wa- 


ter, at three different Diſtances 
from irs Top, namely, at the Di- 
ſtances of one Foot, two Feet, and 
four Feet, The Veſſel made for 
theſe Experiments, was a ſquare 
Wooden Veſſel ſomething * 
four Feet in Depth, and nine Inches 
of a London Foot in its internal 


Length and Breadth. 


Before I give an Account of the 
Experiments, it will be neceſlary to 
ſhew how to meaſure the moving 
Forces and Velocities of Water, 
flowing through Cylindrical Pipes 
ſcrewed into the Side of a Veſſel 
nlled we Wwe. 
To meaſure the moving Force 
of Water flowing through a Cylin- 


drical Pipe, ſcrew'd into the Side of 


a Veſſel filled with Water; we muſt 
know the Area of the Top of the 
FF Water 
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ANIMAL OEcoxomy. 11 
Water in the Veſſel, the Area of the 
Orifice of the Pipe, the perpendi- 
cular Diſtance of the Place of the 
Pipe's Inſertion into the Side of the 
Veſſel from the Top of the Water, 
and the Situation of the Pipe with 
reſpe& to the Horizon. 

Let the Area of the Top or up- 
per Surface of the Water in the Veſ- 
{el be called A, the Area of a Hole 
made in the Bottom or Side of the 
Veſſel be called a, and the perpen- 
dicular Diſtance of the Hole or Place 
of Inſertion of the Pipe from the 
Top of the Water be called H; and 
then, by prop. 36. lib. 2. Princip. 
Newton. the Velocity of the Water 
flowing out of the Hole, ſetting 
aſide the Reſiſtance of the Air, will 
be equal to the Velocity which a 
heavy Body would acquire in falling 


perpendicularly and without Re- 
ſiſtance thro? the Space LY And, 


B 2 by 
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by the ſecond Corollary of the ſame 
Propoſition, the Force generating 
the whole Motion of the effluent 
Water, will be equal to the Weight 
of a Cylinder of Water, whoſe Baſe 
is = Parts of the Area of the Hole, 
or a, and whoſe Height is A If 
the Area of the Hole, be exceeding 
ſmall when compared with the Area 
of the upper Surface of the Water, 
that is, if a be exceeding ſmall when 


compared with A; the Height 
 SA*H;.: ; 
Aa: Will be very nearly equal to 
2H ; andby Conſequence, the Force 
generating the whole Motion of the 
effluent Water, will be very nearly 
equal to the Weight of a Cylinder 
of Water, whoſe Baſe is g a, and 
whoſe Height is 2 H; that is, very 
nearly equal to the Weight of the 
Cylinder # aH: But the Weight of 
this Cylinder is proportional to the 


Weight 
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ANIMAL OECONOMT. 13 
Weight of the Cylinder a, be- 


cauſe gj is an invariable Quantity: 
And therefore, when the Area of 
the Hole is extremely ſmall in com- 


pariſon of the Area of the Top of 


the Water, the Force generating 


the whole Motion of the effluent 
Water, will be very nearly propor- 
tional to the Weight of the Cylin- 
der a H. 

The Force generating the Mo- 
tion of Water flowing thro' a Cy- 
lindrical Pipe ſcrew'd into the Side 
of a Veſſel fill'd with Water, and 
laid parallel to the Horizon, is 
ſomething greater than the Force 
generating the Motion of Water 
flowing through a Hole whoſe Dia- 
meter is equal to that of the Pipe, 
and which is placed at an equal 
Diſtance from the Top of the 


Water; as will appear by conſi- 


dering the Nature of theſe two 
Motions, | 
In 


— 
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In obſerving the Motion of Wa⸗ 
tet flowing through a Hole made 
in the Side of a Veſſel, we may per- 
ceive the Vein not to fill the Hole. 
Sir Jſaac Newton, in determining 
this Motion from Experiments, 
found the Vein, after it had paſſed 
out of the Hole, to grow ſmaller 
and ſmaller, till it came to a Di- 
ſtance very nearly equal to the Dia- 
meter of the Hole ; at which place 
he meaſured the Diameter of the 
Vein, and found it to be to the Dia- 
meter of the Hole, as 21 to 25. 
The Area of a tranſverſe Section of 
the Vein at that Diſtance from the 
Hole, is to the Area of the Hole; 
as the Square of the Diameter of 
the Vein, to the Square of the Dia- 
meter of the Hole; that is, as 12 
is to 17 nearly. This Contraction 
of the Vein ariſes from the Nature 
of the Motion of the Water down 
the Veſſel: For the Water falls 


down 
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down from the Top of the Veſſel 
to the Hole not perpendicularly but 
obliquely, its Parts moving lateral- 
ly as well as downwards. From the 
Obliquity of this Motion it is, that 
the Column of the deſcending Water 
grows narrower perpetually from 
the Top of the Water to the Hole, 
and to a ſmall Diſtance beyond it; 
and that the Vein does not fill the 
Hole, but falls within it, leaving a 
little empty Space all round. On 
account of this Contraction of the 
Vein, leſs Water flows out, and by 
Conſequence leſs Motion is gene- 
rated in a given Time, than would 
be produced, if the Diameter of the 
Vein at the Hole was exactly equal 
to the Diameter of the Hole. And 
as leſs Motion is generated, ſo the 
moving Force is likewiſe leſs; being 
only equal to the Weight of a Cy- 
linder of Water, whoſe Magnitude 
is aH, when the Hole is extreme- 


ly 
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ly ſmall in compariſon of the up- 
per Surface of the Water ; whereas 
it would be equal to the Weight of 
a Cylinder of Water whoſe Magni- 
tude is 24H, if the Vein filled the 
Hole and had no Contraction be- 
yond it. And therefore the moving 
Force is leſs than it would be if the 
Vein filled the Hole and had no 
Contraction beyond it, in the Pro- 
portion of 12 to 17. 

If inſtead of flowing through the 
Hole into the open Air, the Water 
flows through the Hole into a Cy- 
lindrical Pipe, and through that 
into the Air; and if the Diame- 
ter of the Hole be equal to that of 
the Pipe; the Force generating 
the Motion of the Water flowing 
through the Pipe, will be different 
from the Force generating the Mo- 
tion of the Water flowing through 
the Hole. f 


Firſt, 
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Firſt, let us ſuppoſe the Pipe to 


lie parallel to the Horizon; and 
then the Force generating the Mo- 
tion of the Water flowing thro? 
it, will be greater than the Force ge- 
nerating the Motion of the Water 
flowing thro* the Hole. For the 
Weight of Water in the Pipe, and 
the Reſiſtance ariſing from the in- 
ternal Surface of the Pipe, do both. 
of them, by acting in a kind of Op- 
858 10 to the Weight of the de- 
cending Cataract in the Veſſel, re- 
tard the Motion of the Cataract, 
and hinder it from flowing ſo faſt 
into the Pipe, as it does thro' 
the Hole into the open Air. And 
by this Oppoſition, they make the 
Baſe of the Cataract at its Entrance 
into the Pipe, to ſpread and grow 
broader; and by Conſequence, en- 
creaſe the moving Force, and make 


it greater than the Force generating 
the Motion of the Water flowing 


E thro? 
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thro' the Hole. Hence it is evi- 
dent, that the moving Force will 
encreaſe, either on encreaſing the 
Length of the Pipe or leſſening its 
Diameter; and will be greateſt, 
when the Pipe is infinitely long or 
infinitely narrow : In which Caſes, 
the Baſe of the Cataract at its En- 
trance into the Pipe, will exactly fill 
it; and the moving Force vill be 
equal to the Weight of a Cylinder 
of Water, whoſe Magnitude is 2 aH; 
and by Conſequence will be greater 
than the Force generating the Mo- 
tion of the Water flowing thro” 
the Hole, in the Proportion of 17 
to 12; and the Motion generated 
in the Water flowing thro' the 
Pipe, will be greater than the Mo- 
tion generated in the Water flowing 
thro' the Hole; and the Difference 
of theſe two Motions will be great- 
er when the Pipe is long or narrow, 
than when it is ſhort or wide. And 

there- 
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therefore, if we ſuppoſe the Forces 
generating the Motions of Water 
flowing thro' Cylindrical Pipes laid 
parallel to the Horizon, to be equal 
to the Forces generating the Mo- 
tions of Water flowing thro' Holes 
of equal Diameters, and placed at 
equal perpendicular Diſtances from 
the upper Surface of the Water in 
the Veſſel; on which Suppoſition 
the Force generating the Motion of 
Water flowing thro' a Pipe, will be 
proportional to the Weight of a 
Cylinder of Water whoſe Magni- 
tude is aH, the Motion of the Wa- 
ter flowing thro? a longer or a nar- 
rower Pipe, when compared with 
the Motion of the Water flowing 
thro? a ſhorter or a wider Pipe, will 
be found by Experiments, to be 
ſomething greater than it ought to 
be on this Suppoſition of the mov- 
ing Force. But the Difference will 
be but ſmall in Pipes of ſmall 
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Lengths and Diameters ; and there- 
fore in the following Experiments, 
when a Pipe lies horizontally, I ſhall 
ſuppoſe the moving Force to be pro- 
ortional to the Weight of the Cy- 
8 6 —_ | 
The moving Force will become 
different, when the Pipe is unge 
to the Horizon. The Weight ot 
Water in the Pipe, as far as it en- 
1 creaſes or leſſens the Motion gene- 
rated by the Force, which is propor- 1 
tional to the Weight of the Cylin- 1 
ll | der aN, mult be added to or ſub- q 
i ducted from that Weight; and the 4 
Sum or Difference, will be propor- ; 
tional to the Force generating the 
Motion of the Water flowing thro 
i the Pipe in that inclined Poſition. 
1 That part of the Weight of the 
Water in the Pipe, which is to be 
added to or ſubducted from the 
Weight of the Cylinder aH, may 
be thus determined. Let BD re- 
eo Roa © 
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preſent a Cylindrical Pipe, lying 
parallel to the Horizon, with its 
End B inſerted into the Side of a 
Veſſel at the per- , 

1 pendicular Diſtance 

F of BA from the Top 


$ | of the Water ; the 

1 Force generatingthe P 
E Motion of the Wa- —. | 

IF ter flowing thro this ;|.........>8 

b Pipe, is proportional . N 

= tothe Weight of the 1 8 * 

1 Cylinder ax AB; be- he a 

E cauſe in this CaſeH ,; NR F# 

3 is equal to AB. Let b— Yd 
the Pipe be turned | 2 


from its horizontal 
Poſition, cither downwards into the | 
Poſition Bd, or upwards into the 
Poſition By ; and then the moving 
Force will be changed, and be pro- 
portions] to the Weight of the Cy- | 
inder ax Ab in the firſt Caſe, and to 
the Weight ef the Cylinder ax As in 
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the ſecond. For the Weight of the 
Water in the Pipe Bd, on account 
of its inclined Situation, encreaſeth 
the Motion of the Water flowing 
throꝰ it, and that part of this Weight, 


which is wholly ſpent in encreaſing 


Motion of Bodies down inclined 


Planes, the 8 part of the Weight 


of Water contained in the Pipe, or 
of the Cylinder ax Bd; and there- 
fore is equal to the Weight of the 
Cylinder axBb. This Weight 
added to the Weight of the Cylin- 
der ax AB, gives 4 Weight of the 
Cylinder ax Ab; which Weight is 
the Force generating the 14otion of 
the Water flowing thro' the Pipe Bd. 
The Weight of Water in the Pipe 
Bz leſſens the Motion of the Water 
flowing thro it, and that part of the 
Weight which is wholly ſpent in 
leflening the Motion, is the wages 

of 


the Motion, is, from the Laws of 
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of the Cylinder ax Be. This Weight 
ſubducted from the Weight of the 
Cylinder ax AB, leaves the Weight 
of the Cylinder ax As, which Weight 
is the Force generating the Motion 
of the Water flowing thro* the 
Pipe BY. 
If B be made the Center of a 
Circle, and Bd or Be the Radius, 
Bb will be the right Sine of Bdb 
the Angle of the Pipe's Depreſſion 
below the Plane of the Horizon ; 
and Be will be the right Sine of B 3 
the Angle of its Elevation above it. 
And by Conſequence, when the 
Pipe is depreſſed below the Hori- 
zon, the moving Force will be pro- 
Ae; to the Weight of a Cy- 
inder of Water, whoſe Baſe is equal 
to the Orifice of the Pipe, and whoſe 
Altitude is equal to the Sum of the 
perpendicular Height of the Water 
in the Veſlel above the place where 
the Pipe is inſerted, and the right 
Sine 
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Sine of the Angle of Depreſſion of 
the Pipe below the Plane of the 
Horizon : And when the Pipe is 
elevated above the Horizon, the 
moving Force will be proportional 
to the Weight of a Cylinder of Wa- 
ter, whole Baſe is equal to the Ori- 
fice of the Pipe, and whoſe Height 
is equal to the Difference of the per- 
pendicular Height of the Water in 
the Veſſel above the place of Inſer- 
tion, and the right Sine of the An- 
gle of Elevation of the Pipe above 
the Plane of the Horizon, If S de- 
notes the right Sine of the Angle, 
in which the Pipe is depreſſed below 
or elevated above the Plane of the 
Horizon; the moving Force will be 
proportional to the Weight of the 
Cylinder ax Hs, when the Pipe 
is depreſſed below the Horizon, and 
proportional to the Weight of the 
Cylinder ax Hs, when it is ele- 


vated above it; and comprehending 
both 
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both Caſes in one Expreſſion, the 
moving Force will be as ax HAS, or 
as D*x HES, very nearly, 

So then the Velocity of Water 
flowing thro' a Cylindrical Pipe 
ſcrew'd into the Side of a Veſſel 
filled with Water; will be meaſured 


by /. For by this Propoſ 


4 ' 1 8 
tion V 18 AS 5 But F is as D*xH+s: 


And therefore V is as 7 


Another Meaſure of it may be had 
from Experiments. For the Velo- 
city of Water flowing thro' a Cy- 
lindrical Pipe, lying either parallel 
or inclined to the Horizon, is pro- 
portional to the Quantity of Water 
diſcharged in a given Time, ap- 
ply'd to the Orifice of the Pipe. For 
the Quantity diſcharged in a given 
Time, apply'd to the Orifice of the 
Pipe, will give the Length of a Cy- 

D lindrical 
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lindrical Pipe which can juſt con- 
tain that Quantity ; which Length 
is the Space that would be deſcribed 
in the Time of the Motion by an 
uniform Velocity, equal to the Ve- 
locity with which the Fluid flows 
thro' the Pipe when the moving 
Force acts conſtantly and uniform- 
ly, as it will do if the Veſſel be kept 
conſtantly full, by pouring in Wa- 
ter very gently at the Top as faſt as 
it runs out of the Pipe. But the Ve- 
locities of all uniform Motions are 
as the Spaces deſcribed in a given 
Time; and by Conſequence, the 
uniform Velocity with which the 
Length of the ſaid Cylinder would 
be deſcribed in the given Time of 
the Motion, will be proportional 
to that Length ; and therefore pro- 
portional to the Quantity of Fluid 
diſcharged apply'd to the Orifice 
of the Pipe. Let M denote the 
Quantity of Water diſcharged p 

tae 
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the given Time of the Motion; and 
then the Velocity V will be propor- 


tional to, and conſequently meaſu- 


M M "Poul 
red by, or 55; becauſe Circles are 


to one another as the Squares of 


their Diameters. 


If the Velocity be rightly meaſu- 


DxHAS 
3 


red by this Propoſition, then / 
M 


muſt be proportional to 5 very 


nearly; as it will appear to be by the 
following Experiments, ſetting aſide 
the Reſiſtance of the Air. 

Tho? in this Propoſition J have 
ſet aſide the Reſiſtance given by the 
Air to this Motion, yet it will be 
neceſſary to conſider it, in order 
rightly to underſtand the Diſtur- 
bances in the Motion cauſed by it. 
Water in flowing out of a Pipe into 
the open Air, communicates a Mo- 
tion to the Air, and loſes ſo much 


D 2 of 
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of its own Motion as it communi- 
cates. Now if we ſuppoſe the Mo- 
tion communicated to be propor- 
tional to the Square of the Diame- 
ter of the Vein of the effluent Wa- 
ter, and the Square of its Velocity, 
taken together ; then the Motion 
communicated to the Air, with re- 
ſpect to the Motion which in the 
ame 'Time would be generated in 
the Water, ſetting aſide the Reſiſt- 
ance of the Air, and that which 
ariſes from the internal Surface of 
the Pipe, will be reciprocally as the 
Length of the Pipe. And by Con- 
ſequence, in Pipes of the ſame 
Length, the Motions communica- 
ted to the Air, will on this Suppo- 
ſitien be proportional to thoſe which 
would be generated .in the Water 
if there was no Air, nor any Re- 


ſiſtance ariſing from the internal 


Surfaces of the Pipes. And there- 
fore the Reſiſtance of the Air will 
cauſe 
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cauſe no Diſturbance in the Propor- 
tions of the Motions of the Water 
flowing thro' ſuch Pipes. This 
Su pellen , that the Veins of the 
em Water are reſiſted by the Air, 
in Proportion to the Squares of their 
Diameters and the Squares of their 
Velocities, taken together, will not 
appear unreaſonable, when we con- 
ſider that ſolid Globes in moving i 
thro' the Air, are reſiſted in that 
Proportion. 
Experiment 1. Three Cylindri- 
cal Pipes, whoſe Lengths were two, 
four, and eight Feet, and whoſe 
common Diameter was = parts of 


1000 


an Inch, were one after another 
ſcrewed into the Side of the Veſſel 
at the perpendicular Diſtance of 
four Feet from the Top of the Wa- 
ter, and laid parallel to the Hori- 
200. Theſe three Pipes thus ſitu- 
ated, diſcharged 175, 133, and 
977 Troy Ounces of Water in half 

a 
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a Minute. The Pipes having equal 
Diameters, the Velocities of the 
Water flowing thro? them were as 
the Quantities of Water diſcharged 
in _ Times; that is, as the 
Numbers 175, 133, and 97=: For 
when D is given, Vis as M. By 
the other Meaſure of the Velocity 
deduced from this Propoſition, the 
Velocities ought to have been re- 
ciprocally as the Square Roots of 
the Lengths of the Pipes; that is, 
nearly as the Numbers 20000, 
14142, and 10000. For the Pipes 
having equal Diameters, being all 
inſerted into the Side of the Veflcl 
at the ſame perpendicular Diſtance 
from the Top of the Water, and all 
laid parallel to the Horizon; D and 
H were given, and S was o; and 
conſequently the Velocity, which 
J have ſhewn to be meaſured by 


Dx HS 
,D*HES 


, ought in the preſent Cafe 


ro 


ANIMAL OECONOMVY. 31 


to have been as 1 The Veloci- 
ties from this Meaſure are nearly 
proportional to thoſe from Experi- 
ments. Thoſe from Experiments 
with reſpe& to theſe, are as the 
Numbers 175, 188, 195 : whence 
it appears, that the Velocity from 
Experiment, with reſpe& to the 
Velocity exprefled by the other 
Meaſure, is ſomething greater in 
the longer of any two of theſe 
Pipes than in the ſhorter; as it 
ought to be, from what has been 
ſaid, both on account of the Re- 
ſiſtance of the Air, and the Nature 
of the moving Force. 
Experiment 2. Three Cylindri- 
cal Pipes, whoſe Lengths were equal, 
and whoſe Diameters were =, ==, 
and r parts of an Inch, being one 
after another {crew'd into the Side 
of the Veſlel, at the perpendicular 
Diſtance of four Feet from the Top 


of 
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of the Water, and laid parallel to 
the Horizon, diſcharged 179, 332, 
and 6: Otinces of Water in half a 
Minute. The Velocities, found 
by dividing theſe Quantities by the 
. of the Diameters of their 
reſpective Pipes, were as the Num- 
bers 1293, 979, and 756. By the 
other Mcaſure they ought to have 
been as the Square Roots of the 
Diameters of the Pipes ; that is, 
nearly as the Numbers 193, 136, 


and 94. For the Pipes having equal 


Lengths, being all inſerted into the 
Side of the Veſſel at the ſame 


perpendicular Diſtance from the 


Top of the Water, and being laid 
parallel to the Horizon; L and H 
were given, and S was o; conſe- 


quently JD was in this Caſe as 


D. The Velocities from this 
Meaſure are nearly proportional to 
thoſe from Experiments. Thoſe 
| from 
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from Experiments, with reſpect tO 
theſe, are as the Numbers 670, 
720, 804; whence it appears, that 
the Velocity from Experiment, with 
reſpect to what it ought to be by the 
Meaſure of this Propoſition, is ſome- 
thing greater in the narrower of any 
two of theſe Pipes than in the 
wider; as I have ſhewn it ought to 
be, from the Nature of the moving 
_” 

Experiment 3. Two Cylindrical 
Pipes, whoſe Lengths were eight 
Feet and two Feet, and whoſe Dia- 
meters were == and = parts of an 
Inch, were ſcrew'd into the Side of 
the Veſlel at the perpendicular Di- 
ſtances of four Feet, and one Foot 
from the Top of the Water, and 
were laid parallel to the Horizon, 
Theſe Pipes thus fixed diſcharged 
875, and 16 Ounces of Water in half 
a Minute, The Velocities in them, 


found by dividing their Diſcharges 
5 FE 
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by the Squares of their Diameters, 
were nearly as the Numbers 73, and 
46. By the other Meaſure of the 
Velocity they ought to have been 
as the Square Roots of the Diame- 
ters of the Pipes; that is, nearly 
as the Numbers 186 and 136: For 
H and L were each of them four in 
the firſt Experiment, and one in the 
ſecond, and S was nothing in both ; 
and conſequently the Velocity, ex- 
D*xH+S 

L 7 
ſent Caſe was as /D. The Velo- 


city in the Pipe which was nearer to 
the Top of the Veſſel, was leſs than 
it ought to have been by this Mea- 
ſure, in the Proportion of 34 to 39. 
And in all the Experiments I have 
made upon this Occaſion, I have al- 
ways found the Velocities in the 
ſame Pipes placed at different Di- 
ſtances from the Top of the Water, 
to be leſs at leſs Diſtances from the 


Surface 


preſſed by y 


in the pre- 
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Surface than at greater, with reſpect 
to what they ought to have been by 
this Propoſition. This Defect of Ve- 
locity may be owing, you to a 
Diſturbance given to the Motion 
by the Water, which was poured in 
at the Top of the Veſſel in order 
to keep it conſtantly full, which 
Diſturbance, being greater at a leſs 
Diſtance from the Surface, might 
cauſe a greater Loſs of Motion ; 
and partly to the moving Force's 
being in reality ſomething greater 
at a greater Diſtance from the 
Top of the Water, than it ought 
to be by the Meaſure I have given 
of it. 

Experiment 4. Two Cylindrical 
Pipes of equal Diameters, and of 
the Lengths 1 and 4, were one af- 
ter the other ſcrew'd into the Side 
of the Veſſel at the perpendicular 
Diſtance of four Feet from the Top 
of the Water, and were each of 

| ay them 


{| 
1 
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them — . in an Angle of 30 


Degrees below the Plane of the Ho- 
rizon. Theſe Pipes thus ſituated 
diſcharged 414 and 255 Ounces of 
Water in half a Minute. The Ve- 
locities in theſe Pipes, on account 
of their having equal Diameters, 
were as the Quantities diſcharged. 
By the other Meaſure they ought 
to have been as the Numbers 300 
and 173. For the Pipes havin 

equal Diameters, and being tink 
depreſſed below the Horizon, that 


Meaſure became 9 The na- 
tural Sine of 3o Degrees being 
equal to half the Radius, S was half 


a Foot for the ſhorter Pipe, and two 


H- 
Feet for the longer; and * Was 


4: for the firſt, and ? or for the 
ſecond ; or 9 for the firſt, and 3 for 


the ſecond. But the Square Roots of 


9 and 3 are as the Numbers 309 


and 173, which Numbers are near- 


ly 
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ly in the fame Proportion as the 
Numbers 413, and 25+; and there- 
fore the Velocities were nearly in 
the ſame Proportion, as they ought. 
to have been by this Propoſition. 


ProPosrTION UL. 


L a given Fluid flows through two 
Hyſtems of Cylindrical Pipes made 
of a grven Sort of Matter, and con- 


fiſting each of one Trunk, and the 


ſame Number of Branches ariſmg 
from it; of the Pipes of the two 
Syſtems have like Situatious and Ca- 
Pacities, that is, if any two corre- 
ſponding Pipes be ſimilarly ſituated 
with reſpect to the reſt of the Pipes, 
and their Capacities be as the Capa- 
cities of the whole Syſtems; And if 
the Forces generating the Motions in 
3wo correſponding Pipes be in the 

fame 
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fame Proportion as the whole moving 
Forces of the two Syſtems : The Ve- 
locities in the two correſponding Pipes, 
ſetting aſide the Reſiſtance of the 
Ai, will be in Ratios compounded of 
the ſubduplicate Ratios of the whole 
moving Forces of the two Syſtems di- 
rectly, and of the ſubduplicate Na- 
70s of the Diameters and Lengths of 
the Pipes taken together inverſly. If 
V, v be put for the HVelocities in the 
#wo Pipes; D, d, and L, I for their 
Diameters and Lengths; and F, f for 
the whole moving Forces of the two 


F 
Syſtems; I ſay, that V. v:: Vpr* 
f 

V Ji. 

For by the Hirſt Propoſition, the 
Velocities in any two correſponding 
Pipes of the two Syſtems, ſetting 
aſide the Reſiſtance of the Air, are 
to each other in Ratios compound- 


ed of the ſubduplicate Ratios 4 
| the 
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the Forces genetating the Motions 

in the two Pipes directly, and of 

the ſubduplicate Ratios of the Dia- 

meters and Lengths of the Pipes 

taken together inverſſy: But by 

Suppoſition the Forces generating 

the Motions in the two Pipes are in 
the ſame Proportion as the whole 
moving Forces of the two Syſtems : 

And therefore by Proportion of 
Equality, the Velocities in the two 

correſponding Pipes, ſetting aſide 

the Reſiſtance of the Air, will be 

in Ratios compounded of the ſub- 

duplicate Ratios of the whole mo- 

ving Forces of the two Syſtems di- 
rectly, and of the ſubduplicate Ra- | 
tios of the Diameters and Lengths 
of the two Pipes inverſſy. 


Proof 
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Proof by EXPERIMENTS, 


Experiment I. 


1 Had two Syſtems of Cylindrical 
Pipes made of Braſs, each of 
which conſiſted of a Trunk and two 
Branches. The larger Branch of 
each Syſtem was a Continuation of 
its Trunk, having an equal Diame- 
ter, and lying in a right Line with 
it; and the ſmaller Branch of each 


7 


made an Angle of 30 Degrees with 
the larger. The Trunks and 
Branches of the two Syſtems were 
each of them one Foot in Length; 
the Diameter of the Trunk and 
larger Branch in the greater Syſtem 
was =. and the Diameter of the 


{ſmaller Branch = parts of an Inch; 


and the Diameter of the Trunk and 
| larger 
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larger Branch in the leſſer Syſtem 
was =, and the Diameter of the 
ſmaller Branch 22 parts of an Inch. 
The Trunks of theſe two Syſtems 
were ſucceſſively ſcrew'd into the 
Side of the Veſſel at the perpendi- 
cular Diſtance of four Feet from the 
Top of the Water, and were turned 
till their Branches lay parallel to 
the Horizon. In this Situation, the 


Branches of the greater >yitem diſ— 


charged 1694 and 20, and the 
Branches of the leſſer 304 and 4 
Ounces of Water in half a Minute. 
The Velocities in the Trunks and 
Branches of theſe Syſtems, found 
by dividing the Quantities which 
flow d thro' them in a given Time 
by the Squares of their reſpective 
Diameters, were as the Numbers 
1592, 1424, and 572 in the I runk 
and Branches of the greater yſtem; 
and as the Numbers 979, 865, and 
494 in the Trunk and Branches of 

F the 
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the leſſer. The Quantities of Wa- 


ter contained in theſe two Syſtems, 
were as the Numbers 273 and 78; 
as I found by multiplying the 
Squares of the Diameters of the ſe- 
veral Pipes into their Lengths, and 
then adding the Products of each 
Syſtem into one Sum. Since all the 
Pipes of the two Syſtems were at 
the ſame perpendicular Diſtance 
from the Top of the Water, and la 
parallel to the Horizon, in hack 
Poſition the Weights of Fluid con- 
tained in the Pipes made no part of 
the Forces generating the Motions 
of the Water flowing thro' them, 
the Forces generating the Motions 
in the Trunks and correſponding 
Branches, were as the Squares of 
their Diameters, or as the Quanti- 
ties of Water contained in them, 
becauſe they all had the ſame 
Length. And therefore had theſe 
two Syſtems been truly made, ſo as 
to 
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to have had the Conditions required 
in the Propoſition, that is, had the 
Quantities of Water contained in 
the Trunks and correſponding 


Branches been exactly proportional 


to the whole Quantities of Water 
contained in the two Syſtems; the 
Velocities in thoſe Pipes, ſetting 
aſide the Reſiſtance of the Air, 
ought to have been in the ſubdupli- 
cate Ratios of their Diameters di- 
rectly. But the Capacity of the 
leſſer Branch of the greater Syſtem 
compared with the Capacity of that 
Syſtem, was greater than the Capa- 
city of the leſſer Branch of the 
lefler Syſtem compared with the 
Capacity of its Syſtem, in the Pro- 
portion of 5 to 4 nearly, 'The 
Velocity by Experiment in the 
lefler Branch of the greater Syſ- 
tem compared with the Velocity 
by the Theory, was leſs than it 
would have been had the Branch 

F 2 been 
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been truly conſtructed ; which a- 
recs with what I have already 
ewn both from Experiments and 
Reaſon, namely, that in Pipes of 
different Diameters but equal 
Lengths the Velocity by Experi- 
ment compared with the Velocity 
by the Theory, is always greateſt in 
the narroweſt Pipes. The Velocity 
by Experiment with reſpect to the 
Velocity meaſured by the Square 
Root of the Diameter of the Pipe, 
was leſs in the ſmaller Branch of 
the greater Syſtem than in the ſmal- 
ler Branch of the lefler Syſtem, in 
the Proportion of 21 to 26. As 
the Capacity of the ſmaller Branch 
with reſpect to the Capacity of the 
Syſtem, was ſomething greater in 
the greater Syſtem than in the leſ- 
ſer; ſo the Capacity of the Trunk 
or larger Branch with reſpect to 
the Capacity of the dyſtem, was on 
the connary ſomething leſs in the 
greater 
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greater Syſtem than in the leſſer; 


and by Conſequence, from what 


has been ſaid concerning the Na- 
ture of the moving Force, the Ve- 
locity by Experiment with reſpect 
to the Velocity meaſured by the 
Square Root of the Diameter of the 
Pipe, was greater in the Trunk and 
larger Branch of the greater Syſtem, 
than it was in the Trunk and larger 
Branch of the leſſer: In the Trunk 
it was greater in the Proportion of 
43 to 36, and in the Branch it was 
greater in the Proportion of 76 to 
63. Theſe Deviations of the T heo- 
ry from Experiments, are not Ob- 
jections againſt it, but rather Ar- 


guments of its Truth; ſince they 


all ariſe, and may be accounted for, 
from the Syſtems not having exact- 
ly the Conditions required in this 
2 | 

Experiment II. Two Syſtems of 
Cylindrical Pipes, the leſſer of which 


was 


= _ — - _ ” 
— — — —— 
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was the greater of the two Syſtems 
uſed in the laſt Experiment, and the 
greater a Syſtem four times as large, 
its Trunk and Branches having the 
ſame Diameters,and being four times 
as long as the Trunk and Branches 
of the leſſer, had their Trunks ſuc- 
ceſſively ſcrew'd into the Side of the 
Veſſel at the perpendicular Diſtance 
of four Feet from the Top of the 
Water, and had both their Trunks 
and Branches laid parallel to the Ho- 
rizon: In this Poſition the Branches 
of the greater Syſtem diſcharged 
905, and 132; and the Branches 
of the lefler 1694, and 20 Ounces 
of Water in halt a Minute. The 
Diameters of the Trunks and cor- 
reſponding Branches of the two 
Syſtems being equal; the Veloci- 
tics in thoſe Pipes were as the 
Weights or Quantities of Water 
which flow'd thro? them in a given 
Time, that is, as the Numbers 
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1042, 904, 132 in the Trunk and 
Branches of the greater Syſtem; and 
as the Numbers 1893, 1692, 20 in 
the Trunk and Branches of the 
leſſer. The Diameters of the cor- 
reſponding Pipes of the two Syſtems 
being equal, and the Pipes lying pa- 
rallel to the Horizon, and at the 
ſame perpendicular Diſtance from 
the Top of the Water; D and H 
were given, and S was o; and con- 
ſequently the other Meaſure of the 


Velocity YE in this became 


1 Whence the Velocities in the 
correſponding Pipes of the Syſtems 
ought to have been in the inverſe 
ſubduplicate Ratios of the Lengths 
of thoſe Pipes, that is, they ought 
to have been twice as great in the 
Trunk and Branches of the ſhorter 
Syſtem as in the Trunk and corre- 
ſponding Branches of the longer, 


as 
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as they nearly were; only they were 
ſomething greater in the longer Syſ- 
tem than they ought to have been, 
partly from a leſs Reſiſtance of the 
Air, and partly from the Nature of 
the moving Force, which from 
what has been ſaid concerning its 
Meaſure, was ſomething greater 
in the longer Syſtem than in the 
ſhorter. | "Dy" 
Experiment III. I placed the two 
Syſtems, uſed in thelaſt Experiment, 
at different perpendicular Diſtances 
from the Top of the Water, with 
their Trunks and Branches parallel 
to the Horizon; and always found 
the Velocities in the Trunk and 
Branches of each Syſtem, to be near- 
ly in the ſubduplicate Ratios of the 
perpendicular Diſtances of the Syſ- 
tem from the Jop of the Water; 
only ar leſs Diſtances they were 
ſomething leſs than they ought to 
have been by this Meaſure, tor the 
Reaſons 
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Reaſons aſſigned in the third Expe- 
riment of the firſt Propoſition. 
Experiment IV. The two Syſtems 
uſed in the ſecond and thud Expe- 
riments, were one after the other 
ſcrew'd into the Side of the Veſſel 
at different perpendicular Diſtances 
from the Top of the Water, the 
leſſer at the Diſtance of one Foot, 
and the greater at the Diſtance of 
four Feet ; and were turned till the 
lefler Branch of each Syſtem was de- 
reſſed in an Angle of 3o Degrees 
4 0 the Plane of the Horizon, 
while the Trunk and larger Branch 
of each Syſtem lay parallel to it: 
In theſe Situations, the Branches of 
the greater Syſtem diſcharged 89-, 


177; and the Branches of the leſſer 


79, 135 Ounces of Water in half a 
Minute. The Diameters of the cor- 
reſponding Pipes being equal; the 
Velocities in them were as the 
Quantities of Water which flowed 

a thro? 
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thro them in the given Time of the 
Motion, that is, as 106+, 892, 17+ 
in the Trunk and Branches of the 
greater Syſtem ; and as 922, 79, 
132 in the Trunk and Branches of 
the lefler. The Diameters of the 
correſponding Pipes being equal, 
and the perpendicular Diſtances of 
the Syſtems from the Top of the 
Water being as the Lengths of the 
Syſtems, and the Syſtems being 
ſituated alike with reſpect to the 


Horizon; D and S were given, and 


H was proportional to L; conſe- 
_ in this Caſe the other Mea- 
ure of the Velocity became a given 
Quantity; whence the Velocities in 
the correſponding Branches ought 
by that Meaſure to have been equal. 
Their Differences were not great, 
and probably aroſe chiefly from the 
leſſer Syſtem being placed nearer 
to the Top of the Water than the 
greater. 
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23333.33334333.33333 
PRO POSITION III. 


Fa given Fluid flows thre two 

Syſtems of Cylindrical Pipes made 

of a given Sort of Matter, and con- 
fiſting each of two Trunks, and the 
fame Number of Branches ſimilar in 
their Sutuations and Capacities, that 
zs, if any two correſponding Pipes be 
ſimilarly ſituated wh reſpect to the 
reſt of the Pipes, and their Capact- 
ties be as the Capacnies of therr whole 
Syſtems, if in each Syſtem the laſt and 
ſmalleſt Branches of the two Trunks 
be continuous, and if the Forces ge- 
nerating the Motions in any two cor- 
reſponding Pipes be in the ſame Pro- 
portion as the whole moving Forces 
of the two Syſtems ; The Velocities in 
thoſe Pipes, ſetting aſide the Reſiſt- 
ance of the Air, will be in Rats 
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compounded of the ſubduphcate Ra- 


rios of the whole moving Forces of 
the two Syſlems airettly, and of 
the ſubduphcate Ratios of the Dia- 
meters and Lengths of the Pipes 
talen together moerſly, that is, 


F 
V. v:: var: i- 
For by the Firſt Propoſition, the 


Velocities in any two correſpond- 
ing Pipes of the two Syſtems, fet- 
ting aſide the Reſiſtance of the Air, 
are in Ratios compounded of the 
{ubduplicate Ratios of the Forces 
generating the Motions in thoſe 
Pipes directly, and of the ſubdupli- 
cate Ratios of their Diameters and 
Lengths taken together inverlly : 
But by Suppoſition, the Forces ge- 
nerating the Motions in two corre- 
ſponding Pipes, are as the whole 
moving Forces of the two Syſtems: 
And therefore by Proportion of 
Equality, the Velocities in two. 
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correſponding Pipes, ſetting aſide 
the Reſiſtance of the Air, will be 
in Ratios compounded of the ſub- 
duplicate Ratios of the whole mo- 
ving Forces of the two Syſtems di- 
rectly, and of the ſubduplicate Ra- 
tios of the Diameters and Lengths 
of thoſe Pipes taken together in- 
verſly. 


ee ee ee e ee e ee ee 
Proof by EXPENIMUENTS. 


O confirm the Truth of this 

Propoſition by Experiments, I 
got made of Braſs two ſuch Syſtems 
of Cylindrical Pipes as are repre- 
ſented in theſe Figures. Each Syſ- 
tem conſiſted of two Trunks and 
five Branches all lying in one and 
the ſame Plane. The Trunks and 
Branches of each had equal Dia- 
meters 
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meters and Lengths, The com- 
mon Diameter of the Trunks and | 
Branches of the greater Syſtem, was | 
=; and the common Diameter of 
the Trunks and Branches of the 
lefler Syltem, was 2; parts of an 
Inch. The common Length of 
the Trunks and Branches of the 
greater Syſtem, was half a Foot; 
and the common Length of the 
Trunks and Branches of the leſſer, 
three Inches, The Trunks of each 
Syſtem opened into the Branches, 
thro two pyramidal Spaces, which 
were each three Inches long in the 
greater Syſtem, and an Inch and a 
half in the leſſer; and their Capaci- 
ties were nearly in the ſame Propor- 
tion as the Capacities of their Trunks 
or Branches, that is, in the Propor- 
tion of 87 to 10. When the Ends 
F and f were ſcrew'd into the Side of 
the Veſſel at the perpendicular Di- 
{tance of four Feet from the Top of 
the 
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the Water, and the Syſtems were 


turned till their Branches lay paral- 
lel to the Horizon; their other Ends 
G and g diſcharged 365 and 6+ 
Ounces of Water in half a Minute. 
The Velocities in the Trunks, found 
by dividing the Diſcharges by the 
Squares of their Diameters, were as 
the Numbers 1047 and 1003 near- 
ly. And by this Propoſition they 
ought to have been as the Numbers 
883 and 866, which are propor- 
tional to the Numbers 1047 and 
1003 very nearly. And fince the 
Syſtems were ſimilar, and ſimilarly 
fituated, no Doubt can be made, but 
that the Velocities in correſponding 
Branches were likewiſe in the ſame 
Proportion. 


JV 
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PATEL I ICS d 
PROPOSITION IV. 


| I a given Fluid flows thre two 
compounded Syſtems of Cylmari- 

cal Pipes, conſiſting each of two Cy- 
lindrical Trunks, and the ſame Num- 
ber of ſmaller Syſtems hike thoſe de- 
ſeribed in the laſt Propoſition, the 
Trunks of which ſmaller Syſtems open 
into their reſpective principal Trunks 
of the compounded Syſtems, if all 
the correſponding Pipes of the com- 
pounded Syſtems have hike Situations 
and Capacities, that is, if any two 
correſponding Pipes be ſimilarl ſun- 
ated with reſpect 1 the reſt of the 
Pipes, and their Capacities be in the 
ſame Proportion as the whole Capact- 
ties of the compounded Syſtems; and 
F the Forces generating the Motions 
in any two correſponding Pipes be 2 
me 
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the whole moving Forces of the two 
compounded Syſtems ; the Helocities 
in thoſe Pipes, ſetting aſide the Re- 
fiftance of the Air, will be in Ratios 
compounded of the ſubduphcate Ra- 
tios of the whole moving Forces of the 
2⁰⁰ compounded Syſtems areftly, and 
of the ſubduplicate Ratios of the Dia- 
meters and Lengths of the Pipes taken 
together inverſly, that is, V. v:: 
PI. Y dir 


The Demonſtration of this Pro- 
Poſition is the ſame with that of the 
laſt, and therefore need not be re- 


peated. 


Cor. 1. If the whole moving 
Forces of the two compounded 
Syſtenis be as the Capacities of thoſe 
Syſtems, that is, as the Capacities 
of any two correſponding Pipes ; 


the Velocities in thoſe Pipes, ſetting 
H aſide 
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aſide the Reſiſtance of the Air, will 
be inthe ſubduplicateRatios of their 
Diameters. If F. f:: D*'L. 1; 
then will V. v:: „D. vd. 


Cor. 2. If the whole moving 
Forces of the two compounded 
Syſtems be as the Capacities of the 
Syſtems, that is, as the Capacities 
of any two correſponding Pipes, 
and the Diameters of correſpond- 
ing Pipes be in the ſubduplicate Ra- 
tios of their Lengths, or of the 
Lengths of the Sites; the Ve- 
locities in correſponding Pipes, ſet- 
ting aſide the Reſiſtance of the Air, 
will be in the ſubquadruplicate Ra- 
tios of the Lengths of the Syſtems. 
If F.f::D*L.d'l, and D. d:: yvL. 


JI; then will V. v:: Lf. F. 
Cor. 3. If the whole moving 


Forces of the two compounded 
Syſtems be as the = Power of their 
by Capa- 
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Capacities, and conſequently as the 
m Power of the Capacities of any 
two correſponding Pipes, and the 
Diameters of thoſe Pipes be as the 
a Power of their Lengths, or as 
the a Power of the Lengths of the 
Syſtems; the Velocities in two 
ſuch Pipes, ſetting aſide the Re- 
ſiſtance of the Air, will be in the 
== Power of the Lengths of 


the Syſtems. ItF.f::D*L". I", 
and D. d:: L“. l'; then willV.v:: 


LY 


111 — 3 
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Cor. 4. The whole moving For- 
ces of the two compounded Syſtems 
are in Ratios compounded of the 
duplicate Ratios of the Velocities 
in two correſponding Pipes, and of 
the ſimple Ratios of their Diameters 
and Lengths, that is, F. f:: V 
DL. v*dl. 


H 2 S$cho- 
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Scholum. '  - 
This . dne will hold true, if 
the two Syſtems be made of Coni- 
cal Pipes equal in their Capacities 
and Lengths to the Cylindrical 
ones, and ſo obſtructed, as that the 
greateſt or leaſt Diameters of any 
two correſponding Conical Pipes 
ſhall every where bear the ſame Pro- 
portion to each-other, as the Dia- 
meters of the two Cylindrical Pipes 
which are equal to them. 


PROPOSITION, Problem I. 


T HE Velocity of à given Fluid 
1 moving thre a Cylindrical Pipe 
of a given Diameter and Length, and 
the Force generating the Motion, be- 
ing given; it is required to determine 
the Velocnies generated by an equal 

Force 
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Force in the ſeveral Parts of a Syſtem 
like one of thoſe deſcribed in the Third 


Propoſition. 


The two Forces generating the 
Motions in the Cylindrical Pipe and 
in this Syſtem being equal by Sup- 
poſition; their Meaſures will be fo 
too. For the Force generating the 
whole Motion in the Syſtem, is the 
Sum of the Forces generating the 
Motions in all its Parts; and the 
Meaſures of the Forces generating 
the Motions in the ſeveral Parts of 
the Syſtem, are in Ratios com- 
pounded of the duplicate Ratios of 
the Velocities in thoſe Parts, and of 
the ſimple Ratios of their Lengths 
and Diameters; by Cor. 7. Prop. 1. 
Wherefore putting Lfor the Length 
of the Cylindrical Pipe, D for its 


Diameter, V for the Velocity of 


the Fluid moving through it; | for 


the Length of that Trunk thro? 


which 
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which the Fluid flows into the Syſ- 
tem, d for its Diameter, and x for 
the Velocity of the Fluid flowing 
thro? it; A for the mean Length of 
the Branches, A for the Diameter 
of a Cylinder whoſe Length is that 
mean Length, and whoſe Orifice is 


equal to the Sum of the Orifices of 


all the Branches; - > for the Length 
of the other Cylindrical Trunk, and 
for its Diameter: the Meaſure of 
the Force generating the Motion of 
the Fluid flowing too the Cylin- 
drical Pipe will be V DL; and the 
Meaſure of the Force generating the 
Motion in that Trunk which leads 
into the Syſtem will bex* dl. The 
mean Velocity in the Branches, is 
to x the Velocity in that 'Trunk, as 
d', is to A*; becauſe the Velocities 
of the ſame Quantity of Fluid flow - 
ing thro* two Cylindrical Pipes in 
the ſame Time, are reciprocally 
proportional to the Squares of their 

| | Dia- 
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Diameters; whence the mean Ve- 
| 4. 
locity in the Branches will be =; ; 


and the Meaſure of the Force ge- 
nerating the Motion in the Branch- 


es taken all together, will be 3 


A 
By the ſame Reaſoning the Velo- 
city in the other Trunk thro? which 
the Fluid flows out of the Syſtem, 


vill be rd.; andthe Meaſure of the 


Force generating the Motion of the 
Water flowing through it, will be 


—— But the Sum of the Forces 


generating the Motions in all the 
Parts of the Syſtem, is by Suppo- 
ſition equal to the Force generating 
the Motion in the Cylindrical 
Pipe; and by Conſequence, x* dl 
ES = V*D L; whence 
V D L 
x is equal to d IA RI 
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If this Value of x be ſubſtituted 


in its Room in © the Meaſure of 
the mean Velocity in the Branch- 


es; that Meaſure will become A 


If the ſaid Value of x be ſubſti- 
tuted in its Room in = , the Mea- 


ſure of the Velocity in the other 
Trunk; that Meaſure will become 


V DL 


Cor. 1. If the Capacity of the 
Branches be encreaſed by an En- 
largement of their Diameters or an 
Encreaſe of their Number, that is, 
if A be encreaſed, all other Things 
continuing the ſame; the Veloci- 


ties generated by a given Force, wu 
* 
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be greater in the Trunks and leſs in 
the Branches, than they were be- 
fore this Change happened in the 
Capacity of the Branches. 


Cor. 2. If the Capacity of the 


Branches be leſſened by a Contrac- 


tion of their Diameters or a De- 
creaſe of their Number, that is, if 
A be diminiſhed, all other Things 
continuing the ſame ; the Veloci- 
ties generated by a given Force, will 
be leſs in the Trunks and greater in 
the Branches, than they were be- 
fore this Change was made in the 
Capacity of the Branches. 


Cir. 3. Ir the two Trunks of the 


Syſtem be given; the Velocities ge- 
nerated by a given Force, will be 


greateſt in the Trunks and leaſt in 
the Branches, when A is infinite; in 


which Caſe the Term 25 will va- 


I niſh 
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niſh or become nothing : The Ve- 


locity in the Trunk, through which 
the Fluid flows into the Spttem, will 


DL 


V 
be meaſured by q: I: The Ve- 
* 

locity in the Branches will be 
infinitely little: And the Velo- 
city in the other Trunk will be 
y ., DL 
I 

* 

Cor. 4. If the Velocity in the 
given Cylindrical Pipe be equal to 
the Velocity in that Trunk thro? 
which the Fluid flows into the Syſ- 
tem, that is, if V be equal to x, 
and conſequently V* equal to x*; 
and if the Diameter of the Pipe, 
be equal to the Diameter of that 
Trunk, that is, if D be equal to 
d; then the Length of the Cy- 
lindrical Pi x or L, will be equal 
to l ＋ 7 


Cor. 
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Cor. 5. If the Branches taken 
together, be wider than either of 
the Trunks; the mean Velocity in 
them will be leſs than it is in the 
Trunks: And if one Trunk be wider 
than the other, the Velocity will be 
leſs in Proportion as the 'Trunk is 
wider, 


SS$SSSSHSSSHSHHSSSHS ch hep 
Proof by EXPERIMENTS. 


TFT E greater of the two Syſtems, 
which were made for the Proof 
of the Third Propoſition, was ſcrewed 
into the Veſſel at the perpendicular 
Diſtance of four Feet from the Top 
of the Water, and turned till its 
Branches. were parallel to the Ho- 
rizon. The Branches of this 
Syſtem were ſo contrived, that their 
Ends which were next to the V eflel 
might be opened or ſhut by little 

”" 3% Braſs 
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Braſs Valves or Sliders. This Syſ- 
tem being thus ſituated, when the 
Branch C only was open; the 
Trunk G diſcharged 29+ Ounces of 
Water in half a Minute: When the 
three Branches b, c, d were open, 
it diſcharged 36 Ounces in half a 
Minute : And when all the five 
| Branches were open, it diſcharged 
| 36+ Ounces in the ſame Time. The 
Velocities in the two equal Trunks, 
N were as the Quantities diſcharged. 
| When one Branch only was open, 
| the Velocity in that Branch, was 
equal to the Velocity in the Trunk; 
and therefore the Velocity in the 
Branch C, when the reſt' of the 
Branches were ſhut, was as 29+, 
'The mean Velocity in the three 
Branches, found by applying 36 
to 3 the Sum of their Orifices, the 
Orifice of each of the Trunks being 
1, Was as 12: and the Velocity in 
the five Branches, when they were 


all 
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all open, found by dividing 364 by 
5, was as 72, Theſe were the true 
Velocities in the Trunks -and 
Branches in theſe three Experi- 
ments. I ſhall now ſhew what 
they ought to have been by this 
Problem. 5 

The two Trunks and Branch C 
taken together, may be conſidered 
as one Cylindrical Pipe; and there- 
fore may repreſent the given Cy- 


lindrical Pipe in this Problem, in 


which the Velocity V is as 295. 
The Trunks and Branches of this 
Syſtem having all equal Diameters, 


D, d, and: were equal. The Lengths 


of the two Trunks were equal, and 
when added together, their Sum 
was equal to the Length of the 


Branches added to the Lengrhs of 
the two pyramidal Spaces into which 
they opened; therefore | was equal 
TO a, and | + a equal to A if the 
pyramidal Spaces be conſidered as 


Parts 
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Parts of the Branches, on which 
| _ Suppolſition L was equal to l. A; ? 

and by Conſequence equal to two | 

Feet; and | and were each half _ 

Foot, and A one Foot, I he Velo- | 

city in the Trunks, d being 1, will 

2 


be expreſſed by 293014 70 there- 


| fore when three Branches were 
open, and by Conſequence 4 equal 
to 3, the Velocity ought to have 
| been nearly as 38: And nearly as 
| 49, when all five were open, and 
A equal to y5. | 


fl The Velocities in the Branches, 
2 


1 IA 
ö have been 12+, when three Branches ; 


expreſſed by 25 V ought to 


it were open; and 8, when all five were 
| open. The near Agreement of theſe | | 
ll Velocities with thoſe from Experi- 
li ments, ſhews the Velocities in the 
| Trunks and Branches of this Syſtem | 
| 8 8 4 
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to be rightly determined by this 


Problem. 
2 K A K 5 . A 44 
PRO POSITION VI. 


Fa given Fluid flows thro a ſimple 

1 Hyſtem of Cylmarical Pipes, con- 
ſifting of one Trunk and any Number 

of Branches; the Velocity in any Pipe 

will be greater or leſs, according as 

the moving Force of the Syſtem is 

' greater or leſs, as the Pipe is wider 
' or narrower, ſhorter or longer, near- 
er to or farther from the moving 
' Force, as the Weight of Fluid in the 
Pipe conſpires with or oppoſes us Mo- 
tion, or as any of the other Pipes of 
the Syſtem is lengthened or ſhortenell. 


That the Velocity in any Pipe 
of this Syſtem is greater or leſs, as 
the moving Force of the Syſtem is 


f | | | | greater 
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greater or leſs; as the Pipe is wider 
or narrower, ſhorter or longer, ot 
as the Weight of Fluid contained in 
the Pipe conſpires with or oppoſes 
its Motion ; has been fully proved 
in the foregoing Propoſitions. And 
that the Velocity is greater or leſs, 
as the Pipe is nearer to or farther 
from the moving Force, may be thus 
proved. From the Nature of this 
Motion, the whole moving Force is 
reſiſted by the Quantity of Fluid 
contained in the whole Syſtem: And 
that part of this Force which moves 
the Fluid through any Pipe, is re- 
ſiſted by the Quantity of Fluid in 
that part of the Syſtem which lies 
before it; the Reſiſtance therefore 
will be greater or leſs, as a Pipe is 
nearer to or farther from the mo- 
ving Force : But as the Reſiſtance 
is greater or leſs, the Preſſure of 
the moving Fluid againſt the Ori- 
fice of the Pipe, and Wa 

| the 
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the Velocity in the Pipe, is greater 
or leſs; and therefore, cæteris pa- 
rilus, the Velocity in a Pipe is 
greater or leſs, as it is nearer to or 
farther from the moving Force. 
Laſtly, the Velocity in a Pipe will 
be greater or leſs, cæteris paribus, 
as any of the other Pipes of the 
Syſtem is lengthened or ſhortened: 
For by lengthening or ſhortening a 
Pipe, the Reſiſtance given by the 
Fluid contained in it to that part 
of the moving Force of the Syſtem 
which is ſpent on that Pipe, becomes 
greater or leſs than it was before : 
But a greater or leſs Reſiſtance makes 
the moving Force to act more or 
leſs powerfully on the other Pipes, 
and encreaſes or leſſens the Velo- 
cities in them: And therefore the 
Velocity in a Pipe will be encreaſed 
or leflened, ceteris paribus, as any 
of the other Pipes is lengthened or 


ſhortened, 7 
K Proof 


74 A Treatiſe of the 


22 HSHECHSOS 


Proof by EXPERIMENTS. 


* HAT the Velocity in a Pipe 
of this Syſtem is greater or 
feſs, as the moving Force of the 
Syſtem is greater or leſs, as the 
Weight of Fluid contained in it 
ce with or oppoles its Mo- 
tion, or as the Pipe is wider or nar- 
rower, ſhorter or longer, is fully 
proved by the Experiments of the 
foregoing N And that 
the Velocity is greater or leſs, as 
the Pipe is nearer to or farther from 
the moving Force, or as any other 
Pipe of the Syſtem is lengthened or 
ſhortened, will appear from the fol- 

lowing Experiments. 
A Syſtem of Cylindrical Pipes, 
conſiſting of a 'Trunk, and three 
Branches 
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Branches of equal Diameters and 
Lengths, all lying in the ſame 
Plane; was ſcrew'd into the Side of 
a Veſſel fill'd with Water. The 
Branches were placed at the Di- 
ſtances of four, nine, and ſixteen 
Feet from that End of the Syſtem 
where the moving Force was ap- 
ply'd, and beginning with that 
which lay neareſt to the moving 
Force, they diſcharged in a given 
Time Quantities of Water, which 
were as the Numbers 9, 6, and 5. 
The Branches having equal Diame- 
ters, the Velocities in them were 
as the Quantities diſcharged; and 
therefore, the Velocity in a Pipe 
will be greater or leſs, cæteris pa- 
ribus, as the Pipe is nearer to or 
farther from the moving Force, 


A given Branch at the Diſtance 


of one Foot from the moving Force 
diſcharged 20 Ounces of Water in 
half a Minute, when the Length of 

„ the 


76 A Treatiſe of the | 
the Trunk was two Feet; and 36 
Ounces in the ſame Time, when the | 
Length of the Trunk was encreaſed 

to eight Feet. And a like Change 

of Velocity in a leſs Degree, was 
produced by lengthening any of the 
other Branches; and therefore, the 
Velocity in a given Pipe will be 
{| greater or leſs, ceteris paribus, as 

\ any of the other Pipes of the Syſtem 

is lengthened or ſhortened. 
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PropPOsITION VII. 


: Fa grocn Fluid flows thro a ſimple © 
5 Syſtem of Cylindrical Pipes, con- | 
5 fiſting of one Trunk and any Number 5 
9 of Branches ; and if any Pipe of the 
lil Syſtem be obſtrufted or opened, con- 
li tracted or dilated, the Velocity will 
[|] be encreaſed or diminiſhed in all the 
| ther Pipes of the Syſiem: Aud the 


I | | Increaſe 4 


propagated from thence to all the 
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Increaſe or Diminution of Velocity in 
any one of them, will be greater or leſs, 
cæteris paribus, as the Pipe is nearer 
to or farther from the ohſtructed or 


opened, contratted or dilated Pipe. 


Since to obſtruct or contract a 
Pipe, is in Effect to lengthen it; and 
to open or dilate it, is in Effect to 
ſhorten it; the firſt part of this Pro- 
poſition, is true by the preceding: 
And the ſecond part of it is thus 
proved. When a Pipe is obſtruct- 
ed or contracted, that part of the 
moving Force which before this 
Change generated the Motion de- 
ſtroyed in the obſtructed or con- 
tracted Pipes is not loſt, but ſpent 
in increaſing the Motions in the 
other Pipes which are open, and 
may be conſidered as a new Force 
apply'd to the Syſtem at the Place 
of Obſtruction or Contraction, and 


other 
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other Pipes of the Syſtem ; and 


therefore, by the laſt Propoſition, the 
Velocities generated in thoſe Pipes 
by this new Force, will be greater 
or leſs, as the Pipes are nearer to or 


farther from the Force, thar is, as 


they are nearer to or farther from 
the Place of Obſtruction or Con- 
traction. And the contrary muſt 
happen, when a Pipe is opened or 
dilated ; the Velocities will then be 
diminiſhed in all the other Pipes, 
and the Diminution will be greater 


or leſs, ceteris paribus, as the Pipes 


are nearer to or farther from the 
Place of Aperture or Dilatation: And 
therefore the Propoſition is true. 

Cor. If the ſimple Syſtem be ſo 
conſtructed, that the Velocities 
in its Trunk and Branches be re- 
ſpectively equal to the Velocities 
in that principal and thoſe leſſer 
Trunks of ſuch a compounded 
Syſtem of Cylindrical Pipes, as is 
: deſcribed 
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deſcribed in the fourth Propoſation 
or its Schohum, thro which Trunks 
the Fluid flows into the compounded 
Syſtem and leſſer Syſtems of which 
it is compoſed; then, whatever 
Change is made in the Velocities 
in any two correſponding Pipes of 
the two Syſtems, it will produce like 
Changes of Velocity in all the 
other correſponding Pipes; and by 
Conſequence, when the Velocity is 
leſſened in any one of the ſaid leſſer 
Trunks of the compounded Syſtem, 
it will be increaſed in all the others; 
and its Increaſe will be greater or 
' leſs, ceteris paribus, as the Trunks 
are nearer to or farther from that 
in which the Velocity is leſſened: 
And when the Velocity is increaſed 
in one of the ſaid leſſer Trunks, it 
will be leſſened in all the reſt: And 
its Diminution will be greater or 
leſs, cæteris paribus, as they are 


nearer to or farther from that 
Trunk 


* 
F r A 
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Trunk in which the Velocity is in- 
creaſed. 0 
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Proof by EXPERIMENTS. 


12 of Cylindrical Pipes had 
five Branches, A, B, C, D, E, 
of equal Diameters and Lengths, | 
The Branch A lay neareſt to the | 
moving Force, then B, and ſo on 
in the Order they are mentioned. 
The Velocities in theſe Branches, 
obtained from the Quantities of 
Water diſcharged in a given Time, 
were as the Numbers 94=, 68, 52, 
362, 195, when the End of the 
Trunk was open; and as the Num- 
bers 98, 762, 70, 662, 615, when 
the End of the Trunk was ſhut; and 
the Differences of the Velocities in 
the ſame Pipes, when the End of 
the Trunk was open and ſhut, were 
| 37» 
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33 82, 182, 30%, 425. When 


the Branch C was ſhut, the Veloci- 
ties in the Branches A, B, D, E, 
were as the Numbers 9933 8125 
434, 233 and the Differences be- 
tween theſe and the Velocities in 
the ſame Branches, when C was 
open, were 43, 135, 72, 45. And 
the ſame Changes of Velocity, but 
in a leſſer Degree, will be produced 
when a Pipe is only contracted. 

If the Syſtem originally had had 
but the four Branches A, B, D, E, 
and afterwards the Branch C had 
been added; it is evident from theſe 


Experiments, that the Velocities in 


the original Branches would all have 
been diminiſhed by the Addition of 
this new Branch; and that the Di- 
minution of Velocity in any of them 
would have been greater or leſs, as 
it lay nearer to or farther from the 
Branch C: But the adding a new 
Pipe to a Syſtem, will produce like 

L Changes 
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Changes of Motion in the other 
Pipes, as the opening or dilating an 
old Pipe; for by all theſe, there will 
be a like Abatement of the Force 
generating the Motion in the other 
Pipes. 

Therefore by theſe Experiments 
and the Corollary of this Propoſition, 
when any Pipe of the ſimple Syſtem, 


or any of the aforeſaid Trunks of 


the compounded Syſtem, is obſtruct- 
ed or opened, contracted or dilated ; 
the Velocity will be encreaſed or di- 


miniſhed in all the other * of 


the ſimple Syſtem, and all the reſt 
of the aforeſaid Trunks in the com- 
pounded Syſtem; and its Increaſe 
or Diminution in any one of thoſe 
1 or Trunks, will be greater or 
leſs, cæteris paribus, as it is nearer 
to or farther from the Pipe or Trunk 
which is obſtructed or opened, con- 
tracted or dilated. 
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STECILIUN.D 
S eee ee, 


Of Muſcular Motion, the Motion of 
the 7 lood, and Reſpiration. 


Of Muſcular Motion. 


VE appears to the be, to 


be compoſed of two Parts of 
different 9 one red, and the 
other white. The red is called its 
fleſhy, and the white its tendinous 
Part. Some Muſcles are tendinous 

both at their Origin and Inſertion, 
and fleſhy only in their Middle; and 
others are fleſhy at their Origin and 
in their Middle, and tendinous only 
at their 1 The fleſhy Part 
1 of 
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tne Eye and Hand can go; it will 
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of a Muſcle is compoſed of Fibres, 
Membranes, Nerves, Blood-Veſſels, 
and Lympheducts. The Fibres are 
ſmall Threads, which are ſhorten- 
ed when a Muſcle is contracted, and 
lengthened when it is dilated. The 
Membranes are thin Skins, which 
run between the Fibres, are faſtened 
to them, and tye them together. If 
a Piece of Fleſh be boiled, till it 
become very tender, and afterwards 
be divided and ſubdivided, as far as 


AY at. A r 3 N 
* 


appear, that each minute Fibre in 
the loweſt Subdiviſion, is intirely 
ſurrounded by its own particular 
Membrane. The Membranes, if 


they be extremely thin, are tranſpa- | 
rent; and if they be thicker, tage 
are of a whitiſh Colour. The Nerves _ 
are diſperſed throughout the whole | 
fleſhy Part, as may be gathered from 
the Pain which is produced any | | 
where in that Part by the ſmalleſk | 


Wound. 
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Wound. It has been a received 
Opinion, that the Nerves are ſmall 
Pipes which contain a Fluid, called 
Animal Spirits, drawn off from the 
Blood in the Brain. But it does 
not appear from any Experiments, 


that the Nerves are Pipes; or that 


ſuch a Fluid as they conceive Auimal 
Fpirits to be, is ſeparated from the 
Blood in the Brain; and therefore 
theſe Opinions are without any juſt 
Foundation. The Nerves are not 
only impervious to the ſmalleſt Hy- 
lus, but when viewed with a Micro- 
ſcope, evidently appear to have no 
Cavity. And when we conſider the 
Manner, in which the Favourers of 
this Opinion have explained Mu/- 
cular Motion by Animal Spirits; we 
muſt allow, that ſuch a Fluid is al- 
together unfit for this Work. For 
theſe Reaſons, many have thought 
the Nerves to be ſolid Threads, ex- 
tended from the Brain to the Muſcles 


and 


3 
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and other Parts of the Body. Sir 
Iſaac Newton is of this Opinion, as 
appears from the following Account 
he has given of the Nerves, in the 
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th Query of his Opricks. © ſup- 
poſe that the 1 of the 
Nerves are each of them ſolid 
and uniform, that the vibrating 
Motion of the Ætherial Medium 
may be propagated along them 
from one End to the other uni- 
formly,and without Interruption : 
For Obſtructions in the Nerves 
create Palſies. And that they 
may be ſufficiently uniform, I 


ſuppoſe them to be pellucid when 


viewed ſingly, tho' the Reflecti- 
ons in their Cylindrical Surfaces 
may make the whole Nerve 
(compoſed of many Capillamen- 
ta) appear opake and white. For 
Opacity ariſes from reflecting 
Surfaces, ſuch as may diſturb and 
interrupt the Motions of this Me- 
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« dium.“ The Blood Veſſels of a 


Muſcle are interwoven in the Mem- 
branes, and diſtributed throughout 
its whole fleſhy Part, as appears from 
its Redneſs, and from the iſſuing out 
of Blood from a Puncture made any 
where in it with the fineſt Needle. 
The Muſcles are ſtocked with Lym- 


phatick Veſſels, as well as the other 


Parts of the Body. 

Having premiſed this ſhort Ac- 
count of the Structure of a Muſcle, 
I now proceed to explain its Motion. 


1 


Fee 
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PRO POSITION VIII. 


Uſcular Motion is performed 
by the Vibrations of a very 


Elaſtict Ather, lodged in the Nerves 


and Membranes mveſting the minute 
Fibres of the Muſcles, excited by Heat, 
the Power of the Will, Wounds, the 

ſubtile 
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fabiile and aftrve Particles of Bodies; 
and other Canſes. 


| It has been found by Obſervation, 
that when a Muſcle is contracted, 
its fleſhy Fibres are ſhortened and 
hardened, without any ſenſible 
Change made in its Tendons; that 
as ſoon as the Contraction is over, 
or the contracting Force ceaſes to 
a&, the ſhortened and hardened 
Fibres are lengthened and ſoftened 
again; that this alternate Motion 
of Contraction and Dilatation con- 
tinues in the Hearts of ſome Ani- 
mals, eſpecially young ones, for a 
conſiderable Time after they are cut 
out of their Bodies, and laid on a 
Table; that it generally continues 
longer in the Hearts of Fiſh, than 
in the Hearts of Land-Animals; and 


that after it has ceaſed, it may be 


renewed again by Warmth or the 
pricking of a Pin, and will conti- 
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nue to be excited by either, eſpe- 
cially Warmth, for a little Time, 
till the Heart wholly loſes its Power 
of moving; that as the Heart cools 
by Degrees, ſo its Motion abates 
gradually, its Contractions and Di- 
latations growing leſs and leſs fre- 
quent and ſtrong, till at laſt they 
wholly ceaſe; and that the Heat of 
the Heart is greater, and its Motion 
more frequent and ſtrong, in an 
ardent Fever, and the hot Fit of an 
Ague, than in its natural State. 

Hence it appears, that Heat is 
a remote Cauſe both of the Fre- 
quency and Strength of the Motion 
of the Heart; and conſequently, 
one of the remote Cauſes of the Mo- 
tion of a Muſcle. 

We find by Experience, that we 
can move the Muſcles of our Limbs 
with various Degrees of Force b 
the ſole Power of the Will; that 
there is not the leaſt ſenſible Diffe- 

M rence 
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rence in point of Time between | 
willing the Motions of the Muſcles, | 
and 12 Motions themſelves; that 
Muſcles contracted by the Power of | 
the Will, dilate again. at the very 
Inſtant in which the Soul ceaſeth to 
exerciſe that Power; and that the 
Soul loſeth the Power of moving 
the Muſcles, and perceiving Pain 
from Wounds made in their fleſhy 
Parts, when their Nerves are cut 


quite through, tyed ſtreight, or in- | 


tirely obſtructed any other Way. 
Hence it appears, that the Nerves 
are the Inſtruments whereby the | - 
Will gives Motion to the Muſcles: | | 
And it does this, by producing ſome 
kind of Motion in thoſe Ends of 
the Nerves which terminate in the 
Brain, which Motion is propagated 
from thence thro” their Click pellu- 
cid and uniform Capillamenta into | 
the Muſcles. For if the Nerves 
were intirely at Reſt, and no Mo- 
tion 
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tion was propagated through them, 
they 2 never by the Power of 
the Will, or any other Cauſe, pro- 
duce Motion in the Muſcles. 

On laying bare the great Muſcle 
of the hinder Leg of a Dog, and the 
great Nerve which accompanies the 
Crural Artery and Vein, I have ob- 
ſerved, that when the Tendon was 
wounded, the Dog ſhewed very little 
Uneaſineſs; but expreſſed great Pain 
on wounding the fleſhy Part of the 
Muſcle, and much greater Pain, on 
wounding, or in the Inſtant of tying 
the Nerve; that a Contraction of 
the Muſcle was produced, on wound- 
ing its fleſhy Part,and a much ſtrong- 
er Contraction on wounding, or in 
the Inſtant of tying the Nerve; and 
that after the Nerve was cut quite. 
through, or tyed ſtreight, great Un- 
eaſineſs and Pain with molt violent 
Struggles were produced, as often 
as a new Wound was inflicted, or a 

5 M 2 new 
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new Ligature made, above the laft 
Section or Ligature, in that Part 
of the Nerve which communica- 
ted with the Brain; but that neither 
Pain nor Contraction of the Muſcle 
followed, on wounding or tying 
14 that Part of it which communi- 
1 cated with the Muſcle and Limb. 

And I have likewiſe obſerved on tre- 
| panning Dogs, and wounding ſe- 
MM veral Parts of their Brains, that 
4 convulſive Motions of the Limbs 
Ill have ever been produced, on wound- 
1 ing the Medulla oblongata, but ne- 
ver on wounding the Dura Mater, | 
or Cortical Part. _ 
Hence likewiſe it appears, that 
* the Nerves are the principal Inſtru- | 
i ments of Senſation and Motion ; | 
| 
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that theſe Effects are ſtronger or 
weaker, as more or fewer of the 
nervous Capillamenta are tyed or 
wounded ; that theſe Effects are the 
| ſame, in whatever Part of a Nerve 
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the Section or Ligature is made; 
and that the Soul perceives Pain, 
and exerts its Power of producing 
Muſcular Motion, only at the Ori- 
gin of the Nerves in the Brain. 
The exceeding Quickneſs of this 
Motion, paſſing from the Brain thro? 
the Capillamenta of the Nerves to 
the moſt diſtant Muſcles in an In- 
ſtant, and its Ceſſation the very Mo- 
ment the Cauſe which produced it 
ceaſes to act, ſhew it to be the vi- 
brating IAotion of a very elaſtick 
Fluid. For it is the Nature of the 
vibrating Motion of an elaſtick Fluid 
to be very ſwift, and to ceaſe when 
the Cauſe which produced it ceaſes 
to act. A vibrating Motion excited 
in our Air by the Tremors of Bo- 
dies for the Production of Sounds, 
moves at the Rate of 1142 Engliſh 
Feet in a ſecond Minute of Time, 
and ceaſes when the Tremors of the 
Bodies ceale. 
Now 
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Now ſince this Motion begun in 
the Nerves at their Origin, has been 
proved to be the vibrating Motion 
of a very elaſtick Fluid; and ſince 
the other Phænomena of Nature 
abſolutely require ſuch an elaſtick 
Fluid, as is the Æther deſcribed by 
Sir Iſaac Newton; and fince Cauſes 
are not to be multiply'd without Ne- 
ceſſity: Therefore it muſt be grant- 
ed, that this Motion begun in the 
Nerves at their Origin, is the vibra- 
ting Motion of that Æther; the 
Properties of which, gathered from 
the Phænomena, are theſe which 
follow. 

This Aither is exceedingly more 
rare and ſubtile than Air, and ex- 
ceedimgly more elaſtick and active. 
It readily pervades all Bodies, and 
by us elaſtick Force is expanded thro 
all the Heavens. If it be 300000 
t1mes mote elaſtick than our Air, it is 
above 700000 times more rare. Its 


elaſtick 


» tu 
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elaſtick Force in Proportion to its Den- 
ſity, is above 490000000000 times 
greater than the elaſtick Force of the 
Air is in Proportion to its Denſity. 
It is rarer within Bodlies, than in the 
empty Spaces between them ; and in 
paſſing from Bodtes into empty Spa- 
ces, it grows denſer and denſer by 
Degrees; and the [ucreaſe of its Den- 
ſity at an) Diſtance from the Centre 
of Gravity of a Body, is as the Duan- 
zity of Matter in the Body directly, 
and the Square of that Diſtance in- 
verſly : And it is rarer within denſe 
Bodies, than within rare Bodies. All 
Bodies endeavour to recede and go 
from the denſer Parts of it, towards 
the rarer; and the Force wherewtth 
2 Bodyendeavours to recede, is as the 
Quantity of Matter in the Body, and 
the Tucreaſe of the Denſity of the 
Ether at the Centre of Gravity of the 
| Body, taken together. When it is 

put into a vibrating Motion by the 
Rays 


r 
on bag * 
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Rays of Light, the Will of Animals; 
or other Cauſes; its Vibrations or P Sx 
ſes move ſwifter than Light, and by 
Conſequence, above 500000 times 
funfter than Sounds. Its Denſity and 
expanſive Force, are both increaſed 
in Proportion to the $ trength and Vi 
gour of its vibrating Motion; which 
Motion, like the vibrating Motion 0 f 
the Air for the Production of Sounds, 
grows weaker, as the Square of the 
Diſtance from the Place, in which it 
is excited, mcreaſes. Aud laſtly, zzs 
vibrating Motion 1s regularly propa- 
gated thre Bodies made of uniform 
denſe Matter, but is reflected, refrac- 
zed, interrupted or diſordered by any 
Unevenneſs in the Bodlies. 

Theſe are the principal Proper- 
ties, with which this Æther muſt ne- 
ceffarily be endued; which thought 
fit to mention, before I ſhew the 
Manner in which it cauſes the Mo- 


tion of the Muſcles, 
When 
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When by the Power of the Will 
a vibrating Motion is excited in the 
Ether, in thoſe Ends of the Netves 
which terminate in the Brain; that 
Motion is in an Inſtant propagated 
thro' their ſolid Faber Capil- 
lamenta to the Membranes of the 
Muſcles, and excites a like Motion 
in the Æther lodged within thoſe 
Membranes; and a vibrating Mo- 
tion raiſed in the Æther within the 
Membranes, increaſes its expanſive 
Force; an Increaſe of that Force 
ſwells the Membranes; a Swelling 


of the Membranes cauſes a Con- 


traction of the fleſhy Fibres; and 
that Contraction, a Motion in the 
Parts to which the Extremities of 
the Muſcles are faſtened. Thus the 
Limbs and other Parts of Animals 
are moved by their Muſcles, each 
of which has its two Ends faſtened 
to two Bones, whereof one is al- 
ways more moveable than the o- 

N ther ; 
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ther ; on which Account, when its 
fleſhy Fibres are ſhortened by the 
ſwelling of the Membranes, the 
more moveable Bone is drawn to- 
wards that which is more fixed, by 
means of an intervening Joint upon 
which it turns. 

As ſoon as the Will ceaſes to act, 
the vibrating Motion of the Æther 
cauſed by that Action ceaſes; in 
like manner as the Pulſes of the Air 
cauſing Sounds ceaſe, on a Ceſſa- 
tion of the 1remors of ſonorous 
Bodies, by which they are excited ; 
and a Ceſſation of the vibrating 
Motion of the Æther, cauſes a Di- 
minution of its expanſive Force; 
and a Diminution of that Force, 
gives an Opportunity to the dilated 
Membranes to contract, by the at- 
tractive Powers of their Parts, and 
thereby tolengthen the fleſhy Fibres. 
Another Caule of the lengthening 
of the fleſhy Fibres and Dilatation 


of 
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of a Muſcle, is a vibrating Motion, 
excited in the Æther lodged in the 
fleſhy Fibres by their Contraction: 
For that vibrating Motion will in- 
creaſe the en ke Force of the 
Ether, and that increaſed Force will 
lengthen the Fibres, the very In- 
ſtant the Cauſe which contracted 
them ceaſes to at. Theſe two 
Forces added together, make the 
whole Force whereby a contracted 
Mulſcle is dilated : For the Experi- 
ments above-mentioned fully prove, 
that the Soul has no immediate 
Power over the fleſhy Fibres. Thus 
the Muſcles of Animals are moved 
by the Æther, when put into a vi- 
brating Motion by the Power of the 
Will. | 

I have ſhewn that Heat, Punctures 
or Wounds, and Ligatures on the 
Nerves in theInſtant they are made, 


have a Power of contracting the 


Muſcles : And from the Effects of 
N 2 vomiting 
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vomiting and purging Medicines, 
and ſome Poiſons, we learn, that 
the ſubtile and active Particles of 
ſome Bodies have a like Power: But 
ſince all theſe Things, however dif- 
ferent they are in themſelves, do 
notwithſtanding produce the ſame 
Effect which the Will does, they 
mult do it in the ſame Manner, that 
is, by exciting a vibrating Motion 
in the Ether within the Nerves 
and Membranes of the Muſcles. 
And therefore the Propoſition is 
true. gy 


Cor. 1. The Motion of the Muſ- 
cles becomes weak, either from too 
weak a vibrating Motion of the 
Ather in their Membranes and 
Fibres; or an Unfitneſs in the 
Membranes and Fibres to be moved 
with Vigour by a due Degree of 
that vibrating Motion. The vi- 
brating Motion excited by a given 

Force 
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Force becomes weak, when the A- 
ther becomes rare; and the Æther 
becomes rare, when the Membranes 
and Fibres become denſe, from 
Moiſture ſoaking into their Pores, 
from Compreſſion, or other Cauſes. 


And the Membranes and Fibres be- 


come unfit to be moved with Vi- 
gour, when they are rendered ſtiff 


by Age, too hard Labour, or other 
Caules, 


Cor. 2. Muſcles grow larger and 
ſtronger by moderate Exerciſe : For 


the expanſive Force of the Ether 


muſt be encreaſed, before it can 
move the Muſcles ; and a frequent 
Increaſe of this Force in Muſcles 
much moved, muſt of Neceſſity in- 
creaſe both their Magnitudes and 
Strengths. Hence labouring Per- 
ſons have larger and ſtronger Muſ- 
cles, than Perſons who lead a ſe- 
dentary and inactive Life. 


Cor, 
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Cor. 3. The Blood moving thro? 
a Muſcle, is prefled forward by the 
Force of its Contraction ; but after 
a Muſcle is contracted, if it be kept 
in that State by the conſtant Action 
of the Force which contracted it, 
leſs Blood will flow through it in a 
given Time than did before: For 
the Blood-Veſſels interwoven in the 
Membranes, are compreſſed and 
contracted by the {woln Mem- 
branes and ſhortened and hardened 
Fibres : And this Contraction of 
the Veſſels, while it is exerting, 
preſſes the Blood forward; but at- 
terwards hinders the Blood from 
flowing through the Muſcle in that 
Quantity it did before. Hence Ex- 


erciſe performed by the Motion of 
the Muſcles, accelerates the Mo- 
tion of the Blood ; and Cramps and 
other permanent Convulſions retard 


Cor, 


It. 
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Cor. 4. The Magnitude of a Muſ- 


cle may be but little altered by its 


Contraction: For if the Contrac- 
tion of the fleſhy Fibres be nearly 
equal to the Swelling of the Mem- 
branes, its Magnitude vill conti- 
nue much the ſame, though its Fi- 


gure be changed. 


Cor. 5. The Forces of corre- 


ſponding Muſcles in healthful Bo- 


dies, are meaſured by their Weights, 
and the Strengths of the vibrating 
Motions of the Æther in them, ta- 
ken together. 


Cor. 6. If a great Increaſe of the 
vibrating Motion of the Æther in 
the Nerves and Membranes of one 
Part of a Body, be attended with a 
Diminurion of its vibrating Motion 
in the Nerves and Membranes of 
other Parts; then it may be in the 

Power 
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in one Part, by raiſing a ſtronger 
Diſturbance in another : As by 
Bliſters, Cauteries, and other power- 
fully ſtimulating Bodies, applied to 
one Part of a Human Body, we 
often relieve Pain, and quiet con- 
vulſiyve Motions in other Parts of 
It, | 


of 


Power of Art to quiet a Diſturbance 
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Of the Motion of the Blood. 
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PrRoPosITION IX. 


HE Blood moves in the Arteries 
and Vems with a kind of Circus 
lar Motion. 


Harvey has proved this from Ex- 
eriments and Obſervations : For 
he has ſhewn, that the Blood flows 
out of the Trunk of the Vena cava, 
into the right Auricle of the Heart; 
out of that, into the right Veatricle ; 
thence, thro the Lungs, into the 
left Auricle and Ventricle; out of 
the left Ventricle, into the Horta; 
whoſe Branches convey it to all 


Parts of the Body, and pour it into 
the 
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the ſmalleſt Branches of the Veins ; 
out of which it paſſes into Branches 
ſtill larger, till at laſt, by the Vena 
cava it is brought back to the 
Heart. And this Motion of the 
Blood from and to the Heart, is 
called its Circulation, or Circular 
Motion. 

The Heart and Arteries act upon 
the Blood, in generating and keep- 
ing up its Motion, in the following 
Manner. When the Auricles are 
filled with Blood by the Veins, the 


right Auricle by the Jena cava, and 


the left by the Pulmonary Vein, 
they both contract at one and the 
ſame Time, and preſs the Blood 
which they contain into the Ven- 
tricles; and when the Ventricles 
are filled with Blood, they likewiſe 
contract at one and the ſame Time, 


and preſs the Blood which they con- 


tain into the Arteries; the right 


Ventricle into the Pulmonary Ar- 
tery, 
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tery, and the left into the Horta. 
The Arteries are dilated by the 
Blood, forcibly preſſed into them 
by the Ventricles; and as ſoon as 
the Ventricles are emptied, and 
their Contraction is over, the di- 
lated Arteries contract, and preſs 
the Blood forward into the Veins. 
And thus the Motion of the Blood 
is generated and kept up, by the 

Forces of the Heart and Arteries. 
TheBlood is kept from regurgi- 
tating, by the Valves of the Heart 
and Veins. The Valves at the 
Entrance of the Auricles into the 
Ventricles, open when the Auricles 
contract, et permit the Blood to 
flow into the Ventricles; and ſhut 
when the Ventricles contract, and 
prevent its Return into the Au- 
ricles. The Valves at the Crigins 
of the Aorta and Pulmonary Arte- 
ry, open when the Ventricles con- 
tract, and ſuffer the Blood to flow 
O 2 into 
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into the Arteries; and ſhut when 
the Arteries contract, and hinder it 
from flowing back into the Ventri- 
cles. And the Valves of the Veins 
open to let the Blood move forward 
towards the Heart; and ſhut to pre- 
vent its Return into the Arteries. 


Cor. 1. The two Ventricles of the 
Heart throw out equal Quantities of 
Blood in each Syſtole: For they al- 
ways contract together ; and there- 
fore if they threw ont unequal 
Quantities, more or leſs Blood 
would flow into the Lungs, than 
flows out of them, in a given Time: 
Which muſt of Neceflity ſoon put 
an End to Life. | 


Cor. 2. As much Blood flows 
thro! each Ventricle of the Heart, 
and thro the Lungs in any Time, 


as flows thro all the reſt of the Body 
in that Time. 
Cor. 
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Cor. z. The Arteries have a Pulſe, 
and the Veins. no. Pulſe: For the 
Arteries have a ſtronger muſcular 
Coat than the Veins, on account 
of their ſuſtaining a greater Preſ- 


ſure againſt their Sides from the 


Blood forced into them by each 
Syſtole of the Heart; and they ſuſ- 
tain a greater Preſſure againſt their 
Sides than the Veins, from a greater 


Quantity of Blood lying before 


them, which gives a greater Re- 


ſiſtance to the Blood forced into 
them by the Heart. Now the Sides 
of both Arteries and Veins being 
ſoft and dilatable, it is evident, that 
the whole Syſtem of Veſſels muſt 
ſwell, when Blood is forcibly preſ- 
ſed into it by the Heart in its Syſtole; 
and endeavour to contract again, 
when the Force of the Heart ceaſes 
to act in its Diaſtole: But when the 
Arteries and Veins begin to contract 
after every Syſtole of the Heart, the 

Arteries, 
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Arteries, by the greater Strength of 
their Muſcular Coat, overpower the 
Veins; and by prefling bo Blood 
into them, hinder them from con- 
tracting: Therefore the Arteries 
by dilating and contracting, have 
a Pulſe; and the Veins for want of 


this alternate Motion, have no 
Pulſe. 


PROPOSITION X. 


THE mean Velocity of the Blood is 

leſs in the Sum of the Branches 
of both Arteries and Vems, than the 
Hoelocity in their reſpettrve Trunks ; 
and the Velocity is leſs in the Veins, 
than in therr correſponding Arteries. 


For it has been found by meaſur- 
ing the Veſſels, that the Branches 


of an Artery or Vein taken all to- 


gether, 
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gether, are wider than the Trunk 
out of which they ariſe; and that 
the Veins are wider than their cor- 
reſponding Arteries: And therefore 
the Propoſition is true, by the 5th 
Corollary of the 5th Propoſition. 


Cor. 1. Hence it appears, that the 


Velocity of the Blood is continually 


leflened in the Arteries from their 


Trunks to their ſmalleſt Branches ; 


and increaſed continually in the 
Veins from their ſmalleſt Branches 
to their Trunks: And by Conſe- 

uence, that the Velocity is leaſt in 
& laſt and ſmalleſt Branches of the 
Arteries and Veins. 


Cor. 2. Since the Velocity of the 
Blood is leaſt in the ſmalleſt Branch- 
es of the Arteries and Veins; it ne- 
ceſſarily follows, that the Blood will 
be more liable to be obſtructed b 
Cold and other Cauſes, in its Courle 

throꝰ 
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thro' thoſe Veſſels, than thro? any 


others. 


> EH MW ad SENG) 178175 5 MOD N DC CG GCE 


ProPosITION XI. 


S# E Velocity of the Blood in one 

and the ſame Artery or Vein, is 
the ſame both in the Hyſtole and Dia- 
flole of the Heart ; when the Arteries 
are dilated, and when they are con- 
tracted. 


For ſince the Veins have no Pulſe, 
the Blood muſt neceſſarily flow thro? 


them with the ſame Velocity when 
the Arteries are dilated, and when 
D they are contracted ; which i it could 


not do, if it moved faſter through 

the Arteries when they are dilated, 
than when they are contracted; in 
the Syſtole of the Heart, than in its 
Diaſtole : And therefore the Propo- 


ft tion is true. 


Gor, 
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Cor. 1. Hence it appears, that 
while the progreſſive Motion of the 
Blood continues the ſame ; the Force 
which generates this Motion, mult 
by its conſtant Action continually 
generate as much Motion as is de- 
Thoyed by the Reſiſtance of the in- 
ternal Surface of the wholeSyſtem of 
Blood-Veſſels; otherwiſe it would 
be impoſſible, that the Velocities of 
the Blood in the ſame Veſſels ſhould 
be the ſame in the Syſtole of the 
Heart, and in its Diaſtole; when the 
Arteries are dilated, and when they 
are contracted. 

This will not appear ſtrange 
when we conſider, that there are 
other Motions in Nature which are 
uniform, notwithſtanding the con- 
ſtant Action of a given moving 
Force. Of this kind is the Motion 
of a Ship, generated by a Wind 
blowing conſtantly and uniformly; 
which Motion is at firſt accelerated, 
842 P till 
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till as much Motion is continually 
communicated to the Water and 
Air by the Ship moving along ; as 
is generated in it by the conſtant 
and uniform Action of the Wind: 
And after that, it continues uniform, 
notwithſtanding the conſtant Acti- 
on of the Wind. Of this kind alſo, 
is the Motion of a Body deſcending 
in Water ; which Motion is accele- 
rated, till the Motion communica- 
ted to the Water by the deſcending 
Body, becomes equal to the Motion 

enerated in the Body by the con- 
Moor and uniform Action of its 
Weight in Water ; and after thar, 
the Motion continues uniform, not- 


withſtanding the conſtant Action of 
this Weight. 
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PRO POSITION XII. 


HE Velocities of the Blood in 
the correſponding Blood-Veſſels 
of healthful * ſituated alike with 
reſpect to the Horizon, are in the 
ſubduphcate Ratios of the Diameter 
of thoſe Veſſels, that is, V. v:: 
„D. vd. * 


For from Anatomy and the Si- 
milarity of the correſponding Parts 
of human Bodies we learn, that 
their Syſtems of Blood Veſſels have 
the ſame Number of correſponding 
Veſſels; and that de e- 
Veſſels have like Situations and Ca- 
pacities, in Bodies ſituated alike with 
reſpect to the Horizon, that is, any 
two correſponding Veſſels are ſitu- 
ated alike with reſpect to the reſt of 

\ _—F the 
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the Veſſels, and their Capacities 
are as the Capacities of the whole 
Syſtems. 

The Forces of the Hearts of hu- 
man Bodies are as their Weights, 
and as the Strengths of the vibra- 
ting Motions of the Æther in their 
Neryes and Membranes, taken to- 
gether, by Cor. 5. Prop. 8. But 
the Strengths of the vibrating Mo- 
tions of the Zther, ſetting afide 
the Power of the Soul and other di- 
ſturbing Cauſes, are as the Heats of 
the Hearts; and the Heats of the 
Hearts, as the Heats of the Blood; 
and the Heats of the Blood are 
much the ſame in all healthful Bo- 
dies, as I have found by the Ther- 
mometer: And therefore, ſettin 
aſide the Power of the Soul and 
other diſturbing Cauſes, the Forces 
of the Hearts are as their Weights. 
The Weights of the Hearts of a 
ſtrong Man and a Child newly born, 


* 


ANIMAL OEconoMY. 117 


were as 16 and 1; the Diameters 
of their Aortas as 2 and 1; and the 
Lengths of their Bodies as 4 and 1: 
Now fince the Lengths of corre- 
ſponding Blood-Veflels are as the 
Lengths of the Bodies, and the 
Diameters of correſponding Veſſels 
as the Diameters of the Arias in 
Bodies fituated alike with reſpect to 
the Horizon; it is evident from this 
Inftance, that the Weights of the 
Hearts are as the Capacities of cor- 
reſponding Veſſels, or as the Capa- 
cities of the whole Syſtems, in Bo- 
dies ſituated alike with reſpe& to 
the Horizon : And therefore the 
Forces of the Hearts, when they 


are not diſturbed by the Power of 


the Soul or other Cauſes, are as the 
Capacities of correſponding Blood- 
Veſſels, or as the Capacities of the 
whole Syſtems in Bodies ſo ſituated ; 
and the Forces generating the Mo- 
tions in correſponding Veſſels, are 
| as 
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as the Capacities of thoſe Veſſels, 
and by Conſequence, as the whole 
Forces of their Hearts, Moreover 
if it be conſidered, that the Syſtem 
of Blood-Veſſels ſwells or contracts 


as the Force of the Heart is increaſed 


or leſſened by the Power of the Soul, 
Heat or Cold, or other Cauſes; and 
on the contrary, that the Force of 
the Heart is increaſed or leſſened, as 
the Syſtem ſwells or contracts by 
Heat or Cold; no Doubt can be 
made, but that the Forces of the 


Hearts are ever proportional to the 


Capacities of their reſpective Syſ- 
tems of Blood-Veſſels; and that 
the Forces generating the Motions 
in correſponding Veſſels, are as the 
whole Forces of their Hearts in Bo- 
dies ſituated alike with reſpect to the 
Horizon. 

And theſe Things being true, the 
Propoſition is true, by the F:r/t Co- 
rollar of the Fourth Propoſition. 

Cor. 
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Cor. 1. Hence it appears, that 
the Velocity of the Blood increaſes 
continually from the Birth, till Bo- 
dies are arrived at their full Lengths; 
and afterwards, it increaſes or leſſens 
in the ſame Bodies, as their Syſtems 
of Blood-Veſſels ſwell or contract, 
either from an Increaſe or Diminu- 
tion of the Quantity, or a Diminu- 
tion or Increaſe of the Denſity of 
the Blood. 

Cor. 2. When healthful Bodies 
are ſituated alike with reſpect to the 
Horizon, and their Hearts are free 
from the Influences of diſturbing 
Cauſes; the Velocities of the Blood 
in correſponding Blood-Veſlels, are 
in Ratios compounded of the ſub- 
quadruplicate Ratios of the Quan- 
tities of Blood contained in their 
whole Syſtems of Blood-Veſſels di- 
realy, and of the ſubquadruplicate 
Ratios of the Lengths of the Bo- 
dies inverſly, For the Heat of the 

Blood 
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Blood is the fame in Bodies under 
theſe Circumſtances, as I have found 
by the Thermometer, and conſe- 
quently its Denſity is given; but 
the Denſity of the Blood being gi- 
ven, the Capacities of correſpond- 
ing Blood-Veſſels will be as the 
Quantities of Blood ;contained in 
them, or as the Quantities contain- 
ed in the whole Syſtems; therefore, 
putting Q and q for the Quantities 
contained in two whole Syſtems, D 
and d for the Diameters of any two 
correſponding Blood - Veſſels in 
thoſe Syſtems, and L and l for the 
Lengths of the Bodies, D' L will be 
to d' as Q to q, the Lengths of 
correſponding Blood Veſſels in dif- 
ferent Bodies being as the Lengths 
of the Bodies themſelves: So then 


„D is to yd as 9 to vt But by 
this Propoſition, V. v:: „D. „d: 
And therefore in Bodies under the 

Cir- 
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Circumſtances mentioned in this 


Corollary, V. BY k 


Cor. 3. If two healthful Bodies of 
equal Lengths, or one and the ſame 
Body at two different Times, be ſi- 
tuated alike with reſpect to the Ho- 
rizon, and their Hearts be free from 
the Influences of diſturbing Cauſes ; 
the Velocities of the Blood in any 


two correſponding Blood-Veflels of 


the two Bodies, or in anyone and 
the ſame Blood-Veflel of the ſame 
Body at two different Times, will 
be in the ſubquadruplicate Ratios of 
the whole Quantities of Blood con- 
tained in the two Bodies, or in the 
ſame Body ar thoſe different Times, 


buy the laſt Corollary: If LI; then 
will V. v:: Q. qi. 


That the Velocities of the Blood 
as they are expreſſed in this Corol- 
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lary, may be found out more eaſily, 
I have added the following T able: 
Which in the two Columns under 
Q, contains different Quantities of 
Blood; and in the two Columns un- 
der V, different Velocities expreſſed 
in the biquadrate Roots of thoſe 
Quantities. For Inſtance, if the 
Quantities of Blood in two diffe- 
rent Bodies of equal Lengths, or 
in one and the ſame Body at two 
different Times, be as 20 and 18; 
the Velocities in the correſponding 
Blood-Veſſels of the two Bodies, or 
in the ſame Blood-Veſſel of the 
ſame Body at different Times, will 
be as the Numbers 21147 and 
20598, if the Bodies be under the 
Circumſtances ſuppoſed in this Co- 
rollary, 
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Cor. 4. If the Diameters of cor- 
reſponding Blood-Veflels be in the 
ſubduplicate Ratios of the Lengths 
of the Bodies; the Velocities in 
thoſe Veſlels will be in the ſubqua- 
druplicate, and the Capacities of 

the whole Syſtems in the duplicate 
Ratios of the Lengths of ch 
dies. If D. d:: IL. yl; then will 


V. v:: LF. 155 and D*L, d- I:: L'. P. 


From the Inſtance mentioned in 
the Proof of this Propoſition it is 
evident, that theſe Proportions of 
the Diameters of correſponding 
Blood-Veſſels, and of the Capacities 
of the whole Syſtems, obtain in ſome 
Bodies when ſituated alike with 


reſpect to the Horizon; and it is 


as certain, that they do not obtain 
in all Bodies ſo ſituated; becauſe of 
Bodies of the ſame Length, ſome, 
from a different Uſe of the Non- 
naturals or other Cauſes, have larger 
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Blood-Veſſels than others: Now 
if theſe Proportions be obſerved in 
the moſt perfe& and beſt propor- 
tioned Bodies, they will likewiſe 
obtain in all Bodies of different 
Lengths, taking thoſe of each 
Length one with another, when 
they are ſituated alike with reſpect 
to the Horizon, that is, the mean 
Diameters of correſponding Blood- 
Veſſels of Bodies of different 
Lengths ſo ſituated, each Mean 
being taken from a conſiderable 
Number of Diameters of corre- 
ſponding Blood-Veſſels of Bodies 
of the Eme Length, will be in the 
ſubduplicate; and the mean Capa- 
cities of the whole Syſtems in the 
duplicate Ratios of the Lengths 
of the Bodies: Otherwiſe there 
could be no Regularity, no Unifor- 
mity preſerved in the Species. 


This 
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2 


21 
=|_2 334 


72129135184 
6628504356 
6027833600 
54127112916 
482632 2304 
42125461764 
3624491296 


— 


302340 900 
242214 576 
1182060 324 


This Table contains in the firſt 
Column, the Lengths of Bodies in 
Inches; in the ſecond, the true or 
mean Velocities of the Blood in the 
correſponding Blood - Veſſels of Bo- 
dies ſituated alike with reſpect to the 
Horizon; and in the third, the 
true or mean Capacities of the 
whole Syſtems of Blood-Veſſels of 
Bodies of thoſe Lengths. For In- 

{tance, 
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ſtance, the true or mean Velocities 
of the Blood in the correſponding 
Blood-Veſſels of Bodies alike ſitu- 
ated, whoſe Lengths are 72 and 36, 
are as the Numbers 2913 and 2449; 
and the true or mean Capacities 
of their whole Syſtems of Blood- 
Veſſels, as the Numbers 4 and 1. 


Cor. 5. If the Diameters of cor- 
reſponding Blood-Veſſels of Bodies 
ſituated alike with reſpe& to the 
Horizon, be as the = Power of the 
Lengths of the Bodies ; the Velo- 
Cities in thoſe Veſſels will be as the 
= Power; and the Capacities of the 
whole Syſtems, and Quantities of 
Blood if the Forces of the Hearts 
are not diſturbed, as the n+: Power 
of the Lengths of the Bodies, that 


u, V. IL. FE, and D- L. d1:: 
L* 5 an d Q. q 2 ** PT. 
if D'L. d' I:: Q. q. 


For 


; 
; 
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For Example, If the Diameters 
of correſponding Veſſels be in the 
ſubtriplicate Ratios of the Lengths 
of the Bodies, and the Lengths of 
the Bodies be 72 and 18; the Ve- 
locities will be as the Numbers 63 
and 50; and the Capacities of the 
Syſtems and Quantities of Blood, as 
the Numbers 10 and r. 


SSPSSSSHPOSSSSHHSOPPGHSHSS.HHSSHSSSS 
PrRoPosSITION XIII. 


HE Velciies of the Blood in 

the correſponding Blood-Heſſels 

of healthful Bodies ſituated alike with 
reſpect to the Horizon, are in Ratios 
compounded of the {imple Ratios of 
the Magnitudes of the Quantities of 
Blood thrown out of their Hearts in 
one Syſtole direftly, and of the duph- 
cate Ratios of the Diameters of thoſe 
Veſſels and of the ſimple Ratios of the 


Times 


* e — . 
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Times of one Hyſtole inverſly. If K, 
K denote the Magnitudes of the Quam- 
rities of Blood thrown ont of the Hearts 


of two Bodies in one Syſtole, and T, 


t the Times of one Syſtole ; T ſay, that 
8 

V:: PT. di- 

For the Velocities of the Blood 


in any two correſponding Blood- 
Veſſels, are directly as the Spaces 
deſcribed by the Blood in the Times 
of one Syſtole, and inverſſy as thoſe 
Times: But the Spaces deſcribed by 
the Blood in the Times of one Syſ- 
tole, are as the Magnitudes of the 
Quantities of Blood which flow in- 
to thoſe Veſſels in the Times of one 
Syſtole apply'd to the Orifices or 
Squares of the Diameters of the 
Veſlels; and the Magnitudes of 
thoſe Quantities are as the Magni- 


tudes of the Quantities thrown out 


of their Hearts in one Syſtole, if the 
Bodies be ſituated alike with reſpect 
5 _—_ to 
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to the Horizon : And therefore, the 
Velocities in the P 


Blood-Veſſels of Bodies ſo ſituated, 


are in Ratios compounded of the 


ſimple Ratios of the Magnitudes of 


the Quantities of Blood thrown out 
of their Hearts in one Syſtole direct- 
ly, and of the duplicate Ratios of the 
Diameters of the Veſſels and of the 


ſimple Ratios of the Times of one 


Syſtole inverſly: Which was to be 


proved. 


Cor. 1. If the Magnitudes of the 


Quantities of Blood thrown out of 
the Hearts of two Bodies in one Syſ- 
tole, be as the Capacities of any two 
correſponding Blood Veſſels; the 
Velocities in thoſe Veſſels will be 
as the Lengths of the Bodies direct- 
ly, and as the Times of one Syſtole 
of their Hearts inverſſy. If K. K:: 


„ 7 
D' L. dl; then will V. v:: F. =. 
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This Corollary obtains in Bodies 
which are ſituated alike with reſpect 
to the Horizon, and whoſe Hearts 
are not influenced by diſturbing 
Cauſes : For the Hearts of Bodies 
under theſe Circumſtances, will 
throw out in each Syſtole Quanti- 
ties of Blood whoſe Magnitudes are 
equal to the Capacities of their 


Ventricles; but the Capacities of 


the Ventricles are as the Magni- 
tudes of the Hearts ; and the Mag- 
nitudes of the Hearts are as their 
Weights ; (for I have found their 
Denſities to be ſo nearly equal, that 
their Differences may be neglected ) 
and the Weights of the Hearts are as 
their Forces; and their Forces as the 
Capacities of correſponding Blood- 
Veſſels by the Proof of the x 27h Pro- 
Poſition; and therefore K. K:: DL. dil. 


Cor. 2. The true Times of one 


| Syſtole of the Hearts of regular and 


1 well- 
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well-proportioned Bodies of diffe- 
rent Lengths, and the mean Times 
of one Syſtole of the Hearts of all 
Bodies of different Lengths, each 
Mean being taken from a conſider- 
able Number of Bodies of the ſame 
Length, are, when the Bodies are 
ſituated alike with reſpect to the Ho- 
rizon, and their Hearts are free from 
the Influences of all diſturbing Cau- 
ſes, as the biquadrate Roots of the 
Cubes of the Lengths of the Bodies, 


that is, T. t:: L. P. For in theſe 
Caſes, V. v:: L*. IF by the 4% Co- 


rollary ot the 12th Propoſition, and 


VNV. r: - 5 r by the preceding Corol- 


lary of this Propoſit tion; and there- 
fore * [*:: — 
LN, 


T3 whence T. r. 
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PRO POSITION XIV. 


HE Vehcites of the Blood in the 
= correſponding Blood-Veſſels of 
healthful Bodies ſituated alike with re- 
ſbect to the Horizon, are in Ratios 
compounded, of the ſumple Natios of 
the Magnitudes of the Quantities of 
Blood thrown out of thetr Hearts in 
one Syſtole, aud of the ſimple Ratios of 
the Numbers of their Pulſes in a grven 
Time, direttly ; and of the dupli- 
cate Ratios of the Diameters of thoſe 
Heſſels mverſly. If P, p denote the 
Numbers of Pulſes in a gwen Time 
of two healthful Boclies ſituated alike 
with reſpett to the Horizon ; then will 
v. v: bp 
2 


Proof 
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SGS 


Proof by EXPERIMENTS. 


Took the Pulſes in a Minute, 
and meaſured the Lengths, of a 
great Number of Bodies; I took the 
Pulſes when the Bodies were fitting, 
that they all might be ſituated alike 
with reſpect to the Horizon; and in 
the Morning before Breakfaſt, that 


their Hearts might be as free as poſ- 


ſible from the Influences of all diſ- 
turbing Cauſes: And when I had 
got a very large Stock of Obſerva- 
tions, I took the Means of the Pul- 
ſes, each Mean from a conſidera- 
ble Number of Bodies of the ſame 
Length; and found thoſe Means to 
be nearly as the biquadrate Roots 
of the Cubes of the Lengths of the 
Bodies inverſly, that is, nearly as 
the mean Times of a Syſtole of their 


Hearts inverſly, by Cor. 2. Prop. 1 3. 
And 
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And ſince the mean Numbers of 
Pulſes in a Minute of all Bodies, are 
the true Numbers of Pulſes in a Mi- 
nute of ſingle Bodies of the ſame 
Lengths which are regular and well- 
proportioned ; the Numbers of Pul- 
ſes in a Minute of regular and well- 
proportioned Bodies taken fingly, 
will likewiſe be as the biquadrate 
Roots of the Cubes of their Lengths, 
that is, as the Times of a Syſtole of 
their Hearts inverſly, by the afore- 
ſaid Corollary. Now fince in theſe 
Inſtances, the Numbers of Pulſes in 
a Minute are inverſly as the Times 
of one Syſtole, and ſince there is no 
apparent Reaſon why this Propor- 
tion ſhould not be univerſal ; I ſhall 
therefore conclude, that it is ſo: 
And that in all Bodies, P. p: : =. - a 
But by the laſt Propaſition, V. v:: 
K k 

57 · n: And therefore, V. v 5 
3 


B d 1 
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To ſhew the near Agreement of 
the Pulſes from Obſervation with the 
Pulſes by the Theory, I have added 
this Table; which contains in the 
firſt Column, the mean Ages of 
growing Bodies when they arrive 
at the Lengths in Inches ſtanding 


Over 
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be perceived, I have often try d to 
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over againſt them in the ſecond 
Column; in the third Column, the 
mean Numbers of Pulſes in a Mi- 
nute in the Morning before Break- 
faſt when the Bodies were ſitting ; 
and in the fourth Column, the Num- 
bers of Pulſes in a Minute ſuppoſing 
them to be inverſly as the biqua- 
drate Roots of the Cubes of the 
Lengths of the Bodies, and mak- 
ing 65 the firſt Number in the third 
Column found from Obſervation, 
the firſt Number in this. In mak- 


ing this Table, I neglected Fractions 


which were not near an Unit, and 
put an Unit inſtead of thoſe which 
were. 

It may be obſerved, that the 
Number of Pulſes from Obſervation 
of a Child newly born, falls conſi- 


derably ſhort of the Number of 
Pulſes by the Theory. The Pulſe 


of a Child newly born can ſcarcely 


feel 
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feel it and count its Numbers in 2 
given Time, but never ſucceeded : 
Once I reckon'd 150 Beats or more 
in a Minute in a Child ſeven or eight 
Days old. And therefore, though 
I have made 150 the mean Number, 


yet I cannot ſay, that it is the true 


mean Number ; but ſuppoſing it to 
be ſo, its falling ſo YE ſhort of the 
Theory, may in ſome meaſure be ac- 
counted for from the Nature of that 
Cauſe which diſpoſes Infants to ſleep 
almoſt perpetually ; which Cauſe, by 
weakening the vibrating Motion of 
the Ather in the Nerves and Mem- 
branes of the Heart, muſt neceſſa- 


rily make the Pulſe flower than it 
otherwiſe would be. 


Cor. 1. The Velocities of the 
Blood in the correſponding Blood- 
Veſſels of Bodies, which are ſitua- 
ted alike with reſpect to the Hori- 
zon, and whole Hearts are free from 


N 
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the Influences of all diſturbing Cau- 
ſes, are in Ratios compounded of 
the Ratios of the Lengths of the 
Bodies and of the Numbers of their 
Pulſes in a given Time: For in this 
Caſe, the Magnitudes of the Quan- 
tities of Blood thrown out of the 
Ventricles of their Hearts in one 
Syſtole, are as the Capacities of cor- 
reſponding Blood-Veſſels, that is, 
K.k::D*L.d'l; and therefore, V. 
Y:: LP. Ip. 


Cor. 2. The Velocities of the 
Blood in the correſponding Blood- 
Veſſels of healthful Bodies of equal 
Lengths, when they are ſituated 
alike with reſpect to the Horizon, 
and their Hearts are free from the 
Influences of all diſturbing Cauſes, 
will be as the Numbers of their 
Pulſes in a given Time, by the laſt 
Corollary ; 8 which, when L =1, 


Vr: . p- The ſame Proportion 


91 Will 
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will obtain in one and the ſame Bo- 
dy at two different Times, if the 
Body at thoſe Times be fituated 
alike with reſpect the Horizon, and 
its Heart be free from the Influences 
of all diſturbing Cauſes: For the 
ſame Syſtem having different Mag- 
nitudes at different Times, may be 
conſidered as two Syſtems of equal 
Lengths. 

Cor. 3. The Quantities of Blood, 


which in a given Time flow thro? 


the correſponding Blood- Veſſels of 


healthful Bodies ſituated alike with 
reſpect to the Horizon, when their 
Hearts are free from the Influences 
of all diſturbing Cauſes, are in Ra- 


tios compounded of the Ratios of 


the Quantities of Blood contained 
in their whole Syſtems of Blood- 


Veſſels, and of the Numbers of 


their Pulſes in a given Time. For 
the Quantities of Blood which flow 
thro* correſponding Veſſels in a gi- 

| ee | ven 
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ven Time, are as the Squares of the 
Diameters of the Veſſels and the 
Velocities of the Blood flowing thro? 
them, taken together, that is, as D* 


V and d' v, or as KP and kp, becauſe 
V. v: r. 2 „by this Propoſition; 
But K. k :: Q. q, the Denſity of the 
Blood being given: And therefore, 
the Quantities of Blood which flow 
thro' correſponding Blood-Veſlels 


in a given Time, will be as Q and 
AP: | 
The Quantities of Blood of a tall 
ſtrong Man and of a Child newly 
born, are as the Numbers 16 and 
1; and the Numbers of the Man's 
Pulſes in a Minute in the Morning, 
when he is fitting, is 65 by the 
foregoing Table; and if the Num- 
ber of the Child's Pulſes in a 1Minute 
be 150, as it is there put down; the 
Quantities of Blood flowing thro? 


the Lungs of the Man and of the 


Child 
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Child in a given Time, will be as 
the Numbers 104 and 15, Accord- 
ing to Tabor, each Ventricle of the 
Heart of the Man can contain 1500 
Grains of Blood; and conſequently, 
when the Heart is not influenced 
by diſturbing Cauſes, will throw out 
5850000 Grains in an Hour : And 
each Ventricle of the Heart of the 
Child will throw out 8437 50 Grains 
in the ſame Time. Therefore, about 


835 and 120 Averdupors Pounds of 


Blood will paſs through the Lungs 
of the Man and of the Child in an 
Hour. 

If the Quantities of Blood of 
{trong well-proportioned Bodies be 
= Part of their Weights, (as they are 
according to Gliſſon and Tabor) and 


if the Weights of a tall ſtrong well- - 


proportioned Man and a ſtrong 
well - proportioned Child newly 
born, be 168 and 104 Averdupors 
Pounds ; the whole Quantities of 

their 
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their Blood will be 14 Pounds and 
Zof a Pound: And conſequently, as 
much Blood as is contained in the 
Body, will flow 595 times thro” the 
Lungs of the Man, and 137 times 
thro the Lungs of the Child, in an 
Hour. 
Cor. 4. If Bodies be ſituated alike 
with reſpe& to the Horizon, and 
their Hearts be free from the In- 
fluences of all diſturbing Caules ; 
the Quantities of Blood which flow 
through their Lungs or other cor- 
reſponding Parts in a given Time 
in Proportion to the whole Quan- 
tities of Blood contained in their 
Bodies, will be as the Numbers of 
their Pulſes in a given Time: For 
the Quantities of Blood which flow 
through correſponding Blood-V ef- 
ſels in a given Time, are as QP 
and q p, by the laſt Corollary ; but 


p 
* and ft are as P and p. 


PR O- 
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PRO POSITION XV. ; 


F Bodies be ſituated alike with 
ll} reſpect to the Horizon ; the Dia- 
| meters of correſponding Blood-Veſſels 
ll will he proportional to the fifth Roots 
ö of the Squares of the Products made 


by the Magnitudes of the Quantities 
of Blood thrown out of ther Hearts 
in one Syſtole, and the Numbers of 
their Pulſes in a given Time, that is, 
D. d:: Kb. Ep): The Helocities in cor- 
reſponding Veſſels will be as the fifth 
Roots of the ſaid Produtts, that is, V. 
v :: KP". Tpf: And the Forces of their 
Hearts as the fifth Roots of the fourth 


Powers of them, and as the Lengths 
of the Bodies taken together, that is, 


F. f:: KP'xL, &p' xl, 
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For the Forces of the Hearts of 
Bodies ſituated alike with reſpect to 
the Horizon, are as the _— 
of correſponding Blood-Veſſels, by 
the Proof of the 12th Propoſition, 
and the Lengths of correſponding 
Blood-Veſſels are as the Lengths of 
the Bodies, wherefore F. f. D*L. dl: 
And the ſame Forces by Cor. 4.Prop. 
4. are in Ratios compounded of the 
duplicate Ratios of the Veloeities, 
and of the ſimple Ratios of the Dia- 
meters of thoſe Veſſels and of the 
Lengths of the Bodies, that is, F. 
f::V*DL.v dl: But by the 14% 
Propoſition, V. vi 5525 : 1 - and 
therefore, F. f :: © —_ PP 
And comparing this Proportion of 
the Forces with the e firſt, we ſhall 
have D* L. 4 1:: * — ; 

1 4 
whence D. d:: KP". £5”. 
T Ex- 
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Extracting the Square Root of : 
the laſt Analogy, /D. „d:: KF. I 
Ep: But V. v:: „D. „d, by the 
I 2th Propoſition : And therefore V. 
v :: KP”. 72 
And ſquaring the ſame Analogy, 
D', d' :: KP”. &p': But F. f:: D- L. 
d': And therefore, F. f : KPPXL. 
pl. 


Cor. 1. If two Bodies of equal 
Lengths, or one and the ſame Body 
at two different Times, be ſituated 
alike with reſpect to the Horizon; 
the Forces of the Hearts of the two 

Bodies, or of the Heart of the ſame Þ|_ 

Body at thoſe Times, will be * 1 

portional to the fifth Roots of thße 

fourth Powers of the Products made | 

by the Magnitudes of the Quanti- Þ| 
tics of Blood thrown out in one 
Syſtole, and the Numbers of Pulſes 
in 


\ 
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er EIS 


— ee et a ns 


ANIMAL OEconomy. 147 
ina given Time. If L=1 ; then will 
F. f:: KP". fp”. 

Cor. 2. If two Bodies of equal 


Lengths, or one and the ſame Body 
at two different Times, be ſituated 


alike with reſpect to the Horizon; 


and if the Hearts of the two Bodies, 
or the Heart of the ſame Body at 
thoſe Times, throw out in one Sy- 
ſtole Quantities of Blood whoſe 


Magnitudes are equal, that is, if 
Ley, ang R=k : Then, D. d:: 


Pp”, p”, and V. v:: Pi. ph, and F. f 
+ Pf. py. | 


Examples. 


Exam. x. If from ſome Cauſe the 


+ Pulſe of the ſame Body becomes 


twice as quick, as it is in the Morn- 
ing when the Body is fitting, and 


its Heart is free from the Influences 


1 "+ 


. 
84 —— 
4 
6 2 —— — 
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of all diſturbing Cauſes ; and if | it 


becomes greater than unden thoſe 
Circumſtances, from the Heart's 
throwing out its uſual Magnitude 
za Blood in half the Time ; that 

if P. p:: 2. 13 and K k: 
Then, by the ſecond Corollary of 
this Propoſition, D and d will be as 
the Numbers 13195 and 10000, V 
and v as the Numbers 11487 and 
10090, and F and f as the Numbers 
1741 and 10000, This ſeems to 
be the Caſe of a grown Body heat- 
ed by an ardent Fever, or violent 
Exerciſe, in which the Pulle is great- 
er than it is ordinarily, and beats 
about twice as faſt as it does in the 
Morning, when the Body is ſitting 
and its Heart is free from the Influ- 
ences of all diſturbing Cauſes; and 
therefore, in a Body ſo heated, the 
ase of the Blood- Veſl. = will 
be increaſed in the Proportion of 


13195 to 10000, the Velocity of 


the 
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| the Blood in the Proportion of 
11487 to 10000, and the Force of 
the Heart in the Proportion of 
17411 to I0000. 

Exam. 2. If the Pulſe of the ſame 
Body be quicker at one Time than 
at another, in the Proportion of 80 
to 70; and if it be greater from the 
Heart's throwing out its uſual Mag- 
nitude of Blood in a leſs Time, that 
is, if P. p:: 80.70; and K k: 
Then, by the ſecond Corollary of 
this Propoſition, D and d will be as 
the Numbers 10549 and 10000, V 
and v as the Numbers 10270 and 

10000, and F and f as the Num- 
bers 11127 and 10000. The Pulſe 
is quicker and greater in the A 
ternoon, than it is in the Morning; 
and from many Obſervations, tak- 
ing one Hour with another of thoſe 
two Times, it is quicker in grown 
Bodies one with another, in the Pro- 
portion of about 80 to 70: And 


there- 
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Afternoon. 


, — | 
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| therefore, the Dia- 


meters of the Blood- 
Veſlels of the ſame 
Body will be greater 
intheAfternoon than 
in the Morning, ta- 
king one Hour with 
another, in the Pro- 
portion of 10549 to 
I0000; the Veloci- 
ties in the Veſſels will 
be greater in the Pro- 
portion of 10270 to 
10000 ; andrheForce 
of the Heart greater 


in the Proportion of 


11127 to 10000. 

I have added this 
Table, to ſnew the Te- 
nour of the Pulſe at 
different Hours of the 
Day; it contains the 


Numbers of Pulſes in 


of two healthful Men A 
and 
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and B, when ſitting, at the ſeveral 
Hours from eight a Clock in the 
Morning to eleven at Night. Theſe 


Numbers, are Means drawn from a 


large Number of Obſervations ; 


thoſe of A, from the Obſervations 
of twelve Weeks; and thoſe of B, 
from the Obſervations of three 
Weeks. A eat his Breakfaſt between 
nine and ten, B his before nine; 
they both dined together at two, at 
which Meal B eat more plentifully 
than A; and they eat little or no 
Supper. 

From this Table it appears, that 
the Pulſe is {lower in the Morning, 
than at any other Time of the Day ; 
that it grows ſomething quicker be- 
fore Breakfaſt, and a little more ſo 
after it ; that it grows flower again 
before Dinner, and quicker imme- 
diately after Dinner ; and that the 
Quickneſs acquired by this Meal, 
continues for about three or four 
Hours, 
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Hours, and then abates a little; and 
continues in that State, without 
any conſiderable Change, in Bodies 
which eat and drink little at Night, 
till they go to Reſt. 
Exam. z. If from ſome Cauſe the 
Pulſe of the ſame Body becomes 
Pie than in the Morning, when 
he Body is fitting and its Heart is 
free from the Influences of all di- 
ſturbing Cauſes, in the Proportion 
of 2 to1; and ifit becomes ſmaller, 
from the Heart's throwing out in 
each Syſtole but a fourth Part of the 
Blood which it throws out in the 
Morning under the Circumſtances 
now:mentioned, that is, if P. p:: 
2.1; and K. K:: 1.4: Then, by 
this Propoſition and its firſt Corolla- 
7), D and d will be as the Numbers 
7578 and 10000, V and v as the 
Numbers 8705 and 10000, and F 
and f as the Numbers 5743 and 
10000. If this be nearly the Caſe 


of 
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bf a grown Body in a nalignant 
Fever, the Cold Fit of an Ague, 


Convulſjons, and ſome other Diſ- 


eaſes ; then, when the Body is ſit- 
ting, the Diameters of correſpond- 
ing Blood-Veſſels will be leſſened in 
the Proportion of 7578 to 10000, 
the Velocities in thoſe Veſſels will be 
leſſened in the Proportion of 8705 
to 10000, arid r 1 Force of the 
Heart will be leſſened in the Pro- 
portion of 5743 to 10000, 

Now ſince in the Caſes mention- 
ed in this Example, in which the 
Force of the Heart is leflened, the 
Skin is much paler and colder than 
in anatural and healthful State; and 
is extremely pale and cold in dead 
Bodies, in which the Force of the 
Heart is wholly deſtroyed : And on 
the contrary, ſince in the Caſes 
mentioned in the firſt Example, in 


which the Force of the Heart is in- 
creaſed, the Skin is much redder 
N U and 
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and warmer than in a natural and 
healthful State: We may from the 
Colour and Warmth of the Skin, 
moſt certainly judge of the Force 
of the Heart; and at the ſame time 
ſee, how as that Force gradually leſ- 
ſens, the Compaſs of the Blood's 
Motion gradually contracts; till at 
laſt, that Force wholly ceaſing to 

act, the Motion wholly ceaſes, even 


in the largeſt Veſſels neareſt to the 
Heart. 


PROPOSITION XVI. 


F the Catamenia flow through Fo- 
ramina in the Sides of the Blood- 
Veſſels of the Uterus into its Cavity, 
F there be the ſame Number of cor- 
reſponding Foramina in the Sides of 
correſponding Blood - Veſſels in all 
 heakhbful Bodies, if this Diſcharge 
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continues a groen Number of Days, 
and during the Time of its Continu- 
ance Bodies be ſituated alile with re- 


[pet to the Horizon; the Quantities 
of one Diſcharge of grown Bodlies will 


be in Ratios compounded of the du- 


plicate and ſubduplicate Ratios of the 


Diameters of correſponding Blood- 
Leſjels, that is, putting C, c for the 
Duantities of one Diſcharge of two 


grown Bodies, C. c::D* VD. df yd. 


For the whole Quantities of 


Blood diſcharged by. two healthful 
Bodies in a given Number of Days, 
will be as the Quantities diſcharged 
by any two correſponding Forami- 
na in that Time; and the Quanti- 
ties diſcharged by two correſpond- 
ing Foramina, will be as the Squares 
of their Diameters, and as the Ve- 
locities wherewith the Blood flows 
thro? them, taken together: But 
the Diameters of two correſpond- 

U 2 ing 
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ing Foramina are as the Diameters 
of two correſponding Blood-Veſ- 

ſels; and the Velocities wherewith 
the Blood flows thro! the Foramina, 
are as the Velocities wherewith it 
flows through thoſe Veſſels: And 
therefore, the Quantities diſcharged 
by two correſponding Foramma, 
will be as the Squares of the Dia- 
meters of two correſponding Blood- 
Veſſels, and as the Blood's Veloci- 
ties in thoſe Veſſels taken together, 
that is, as D*V and dv; or as D- 
D and d' yd, becauſe V. v:: „D. 
d, by Prop. 12. But the whole 
Quantities of one Diſcharge of two 
healthful Bodies ſituated alike with 
reſpect to the Horizon, are as the 
Quantities diſcharged by two cor- 
reſponding Foramma : And there- 
fore C. c:: DD. dvds 


Cor. 1. If this Propoſition be 
true, it is evident that this Diſcharge, 
which 
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which uſually begins in theſe Coun- 
tries between the Ages of 14 and 
16, will continually increaſe from 
its firſt Appearance till the Bodies 
arrive at their full Growth; for both 
the Foramina grow larger, and the 
Velocity of the Blood increaſes, 
while Bodies are growing: And it 
will likewiſe increaſe, from ſome of 
the Foramma being naturally ſmaller 
than others, on which Account they 
will neceſſarily, not all at once, but 
ſucceſſively, become large enough 
to let the Blood paſs through them. 


Cor. 2. If this Propoſition be 
true, this Diſcharge will begin 
ſooneſt and be greateſt in Bodies 
which have the largeſt Blood Veſ- 1 
ſels: For it will begin when the Fo- 1 
ramina are grown large enough to Ul! 
let the red Parts of the Blood (which 5" 

are its largeſt Parts) paſs thro them; 
but they will be ſooneſt large enough 1 


to 


158 A Treatiſe of the 


to do this, in Bodies which have 
the largeſt Blood-Veſlels : And the 
Quantities of a Diſcharge will be 
reateſt, becauſe the Foramina are 
argeſt, and the Velocity of the 
Blood is greateſt, in ſuch Bodies. 


Cor. 3. The Quantities of this 
Diſcharge in grown well - propor- 
tioned Bodies of different Lengths, 
and its mean Quantities in all grown 
Bodies of different Lengths takin 
thoſe of each Length one wit 
another, will, if this Propoſition be 


true, be in Ratios compounded of 


the ſimple and the ſubquadruplicate 
Ratios of the Lengths of the Bo- 
dies ; the Diameters of correſpond- 
ing Blood-Veſlels in theſe Caſes, 


being in the ſubduplicate Ratios of 
thoſe Lengths, by Cor. 4. Prop. 12. 


Cor. 4. Hence it appears, that 
this Diſcharge will be increaſed by 


” 
* 
5 
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all Things which ſwell the Blood- 
Veſſels; and on the contrary, leſ- 
ſened by all Things which contract 
them: And therefore, it will be in- 
creaſed by whatever increaſes the 
Power of the Heart, and heats the 
Blood; and leſſened by whatever 
leſſens the Power of the Heart, and 
cools the Blood; for the Blood- 
Veſſels ſwell or contract, as the 
Force of the Heart is increaſed or 


leſſened by Heat or Cold, or other 
Cauſes. 


Cor. 5. Hence it appears, that a 
Diſcharge muſt continue till the 
Blood-Veſſels and Foramina are fo 
far contracted by the Loſs of Blood, 
that the Foramina are become too 
mall to let the red Parts of the 
Blood paſs thro' them; and then it 
will ceaſe for that Time, and not re- 
rurn again till the loſt Blood be re- 
gained, and the Blood-Veſlels and 


Foramina 


| 
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Foramma be enlarged to the Di- 
menſions they were of at the coming 
on of the preceding Diſcharge; and 
then another Diſcharge will begin, 
continue the ſame Time, and $0 off 
as that did. Thus this Diſcharge 
happens once a Month, in which 
Time the loſt Blood is regained; 


continues in theſe Countries till 
about the Age 6f 5o; and then 
wholly ceaſes, from the Foramma 


becoming too ſmall to let the Blood 

als thro' them. The Foramina 
ET too ſmall to let the Blood 
paſs thro them, from a Rigidity in 


the Blood-Veſlels, which hinders 


them from being dilated by the 
Blood as uſually : For it appears 
both from Anatomy and common 
Experience, that the Blood-Veſ- 
ſels and other ſolid Parts become 


more rigid, as Bodies advance in 


Years, 


L PRo- 
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PRO POSITION XVII. 


T* Q denotes the Quantity of Blood 
contained in a healthful Body be- 
fore a Diſcharge of the Catamenia 
begins, and P and p the Numbers of 
Pulſes in a Minnte a little before and 
after the Diſcharge, when the Body is 
ſitting, and its Heart is free from 
the Influences of all diſturbing Cauſes ; 
C, the Duantty of the Diſcharge, 


will be Q x . 


P? 

For the Heart being ſuppoſed to 
be free from the Influences of all 
diſturbing Cauſes before the Diſ- 
charge and after it, the Heat and 
Denliey of the Blood will be the 
ſame before and after; and there- 

X fore, 
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fore, if q denotes the Quantity of 
Blood contained in the Body af- 
ter the Diſcharge is over, V. v:: 


Q. q*, by Cor. z. Prop. 12 ; and 
V. v:: P. p, by Cor. 2. Prop. 14; 
and from theſl two Analogies, 
Q. q“: P. p; and Q-. Q:: 
P. p'. P“: But Q C; and 
conſequently, C. Q : : P p'. P*; and 
Ck SEES P' 

==—_— 


For Example, If the Quantity of 
Blood contained in the Body at the 
Beginning of the Diſcharge be 11 
Averdupors Pounds, and the Pulſes 
in a Minute before and after the 
Diſcharge, when the Body is ſitting 
and its Heart is perfe&ly free from 
the Influences of all diſturbing Cau- 
ſes, be 74 and 73 ; the Quantity of 
the Diſcharge will be above 9 Oun- 
ces: If the Quantity of Blood be 
11 Pounds, and the Pulſes in a Mi- 


nute 
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nute before and after be 74 and 72 ; 
the Quantity of the Diſcharge will 
be above 18 Ounces. 

I have found from Obſervation, 
that the Pulſe is quicker before the 
Diſcharge than after it. The Pulſe 
of a well- proportioned Body 64 
Inches high, in which this Diſ- 
charge was very ſmall, was obſerved 
at every Hour of the Day for 8 
Months together; and the Pulſe of 
another Body ſix Inches ſhorter, in 
which this Diſcharge was very great, 
was obſerved at every Hour of the 
Day for a Month; and the mean 
Numbers of Pulſes in a Minute, 
taken from all the Obſervations 
made on the two Bodies in the 
Week before and Week after the 
Diſcharge, were 74 and 72 in the 
taller Body, and 79+ and 7y in the 
ſhorter. The Differences of theſe 
Numbers before and after the Diſ- 
charge, are too great for the Quan- 

1 tity 


— — —_— — 
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tity of the Diſcharge in theſe Cli- 


mates; which I believe does not or- 
dinarily exceed 12 Ounces in tall 
and well- proportioned Bodies. And 
if from more Obſervations of the 
Pulſe of perfectly healthful Bodies, 
which have this Diſcharge in due 
Quantities, it ſhall be found, that 
the Differences of its Numbers be- 
fore and after the Diſcharge make it 
greater than it really is in thefe Cli- 
mates; then the Quantity of a Diſ- 
charge cannot be determined by 
this Propoſition, which ſuppoſes the 
Heart before and after the Diſcharge 
to be free from the Influences of all 
diſturbing Cauſes : But it may be 
determined by the next Propoſition, 
when from Experiments and Obſer- 
vations all the Terms uled in it ſhall 
be known. 
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PRO POSITION XVIII. 


FQ denotes the Quantity of Blood 
1 contamed in the Body at the Be- 
ginning of a Diſcharge of the Catame- 
nia, P and p the Vambers of Pulſes 
in a Minute when the Body is ſitting, 
K and k the Magniudes of the Ouan- 
tities of Blood thrown out of the Heart 
in one Syſtole, and A and the Denſi- 
ties of the Blood, juſt before the Dise 
charge begins and after it is oder; C, 


the Duantity of the Diſcharge, will be 
Nb. 


For the Capacities of one and 


the ſame Blood- Veſſel before and 
after the Diſcharge, are as the 


Squares of its Diameters; which 
Squares 
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Squares, when the Body is ſitting, are 
as KP! and Ep by the 1 57h Propo- 
ſition: And the Quantities of Blood 
contained in one and the ſame 
Blood-Veſſel at thoſe Times are as 
the Squares of its Diameters and as 
the Denſities of the Blood taken to- 
gether : But the Quantities of 
Blood contained in the whole Body, 
are as the Quantities contained in 
one and the ſame Blood-Veflel 
when the Body is fitting : And 
therefore, the Quantities of Blood 
contained in the whole Body be- 
fore and after the Diſcharge, are 


as KP*xA and kp' x2, that is, Q. q:: 
K Þ'xA. k p* x 3; whence Q- C= 


Cor. 1. If the Degrees of Heat in 


the Blood, and conſequently its 
Denſities, 


ANIMAL OEcoxomy. 167 


Denſities, before and after the Diſ- 
charge, be equal ; and if the Mag- 
nitudes of the Quantities thrown 
out in one Syſtole before and after be 
likewiſe equal, that is, if a=», and 


K—k; then will C=Q«P* —p*. 


Dy 
For Example, If the Quantity of 
Blood contained in the Body when 
the Diſcharge begins be 11 Pounds, 
and the Numbers of Pulſes in a Mi- 
nute before and after the Diſcharge 
when the Body is fitting be 74 and 
70; the Quantity of the Diſcharge 
will be above 7= Ounces; and near 
9 Ounces, it the 2 of Blood 
in the Body when the Diſcharge be- 
gins be 12 Pounds. The Degrees 
of Heat in the Blood before and af- 
ter the Diſcharge, may be known 
by a Thermometer truly adjuſted: 
And by the Fulneſs of the Pulſe we 
may judge of the Magnitudes of 
the 
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the Quantities of Blood thrown 
out in one Syſtole : And therefore, 
from Experiments and Obfervations 
carefully made by Perſons who have 
an Opportunity of doing it, the 
Quantity of a Diſcharge may be 
nearly known by this Propoſition. 


ProposITION XIX. Problem II. 


HE Blod-Veſſels of a arg 
LE lar Part of the Body being ob- 
firufted or opened, contracted or di- 
lated; to determme the Changes made 
in the Velociies of the Blood, and in 
the Magnitudes of the Blood-Leſſels, of 
all the other Parts. 


Caſe I. If the Arterial Trunk of 
a Part be obſtructed or contracted, 
ſo as either wholly or in ſome De- 
gree to hinder the Blood from flow- 


ing 
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ing thro' that Part; the Velocity 
will be increaſed in all the other 
Parts, and its Increaſe will be great- 
er or leſs, ceteris paribus, as the Ar- 
terial Trunks of thoſe Parts are 
nearer to or farther from the Trunk 
which is obſtructed or contracted, 
by Cor. Prop. 7. 

The Blood-Veſſels of the Part, 
whoſe Artery is obſtructed or con- 
tracted, will contract and grow leſs, 
from a Deſtruction or Diminution 
of the Force of the Blood's Motion, 
which before the Obſtruction or 
Contraction of the Trunk kept 
thoſe Veſſels diſtended: And the 
Blood Veſſels of all the other Parts 
will {well or grow larger, by the 
Force of the augmented Motion of 
the Blood in thoſe Parts; and their 
Swelling or Enlargement will be 
greater or leſs, ceteris paribus, as 
they are nearer to or farther from 
the obſtructed or contracted Trunk. 


Y Like 
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Like Changes will be made in the 
Velocities of the Blood and in the 
Magnitudes of the Blood-Veſſels of 
all the other Parts, if, inſtead of the 
Arterial Trunk of a Part, any of the 
Branches of that Part (whether Ar- 
teries or Veins) be obſtructed or 
contracted; becauſe ſuch Obſtruc- 
tion or Contraction will leſſen the 
Velocity in the Arterial Trunk, by 
Cor. 2. Prop. 5; and by Conſe- 
quence, will produce like Changes 
in the Velocities and Magnitudes of 
the Veſſels of the other Parts, as 
would be produced by a real Con- 
traction of that Trunk, 


Cafe II. If the Arterial Trunk of 
a Part be opened or dilated, the 
Blood will flow faſter into that 
Trunk and ſlower through all the 
other Parts of the Body than it did 
before; and the Diminution of Ve- 
locity in the other Parts will be 

greater 
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greater or leſs, cæteris paribus, as 
they are nearer to or farther from 
the Trunk which is opened or di- 
lated, by Cor. Prop. 7. 

lf the Trunk be opened, and the 
greateſt part of the Blood, which 
flows into it, flow out of the Ori- 
fice; the Veſſels of that Part will 
contract and grow leſs, from the 
Blood running out of them, and 
their not receiving their uſual Sup- 
ply to keep them diſtended. And 
the Veſſels of all the other Parts will 
likewiſe be contracted, from a Dimi- 
nution of the Velocity of the Blood 
in them; and their Contraction will 
be greater or leſs, cæteris paribus, 
as they are nearer to or farther 
from the Trunk which is opened ; 
and they will undergo like Changes 
of Magnitude, when the Arterial 
Trunk is only dilated; tho the Veſ- 
ſels of the Part ſupply'd by the di- 
lated Trunk will all ſwell and grow 


Y 2 larger, 
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larger, contrary to what happened 
to them when the Trunk was open- 
ed. Like Changes will be made in 
the Velocities of the Blood, and in 


the Magnitndes of the Veſſels of 


other Parts, when inſtead of the Ar- 
terial Trunk, one or more of the 
Branches (whether Veins or Arte- 


ries) of a Part are opened or di- 


lated, For a Dilatation or Openin 
of any of the Branches will Wee 
the Velocity in the Arterial Trunk, 
by Cor. 1. Prop. 5; and by Conſe- 
quence, will produce like Changes 
in the Velocities of the Blood, and 
the Magnitudes of the Veſſels of the 
other Parts as would be produced by 


a real Dilatation or Opening of the 
Arterial Trunk. 


Caſe III. If the Venal Trunk of a 
Part be obſtructed or contracted, 
the Blood will thereby be either to- 
tally or in ſome Degree hindered 

from 
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from flowing out of the Part; on 
which Account, more Blood will 
flow in for ſome little Time than 
flows out; and by Conſequence the 
Veſſels will ſwell till they can be no 
farther diſtended. After that, if 
leſs Blood flows into the Arterial 
Trunk of the Part than did before, 
like Changes of Velocity and Mag- 
nitude will be produced in the 
Blood-Veſſels of all the other Parts, 
as were produced in them by the 


Obſtruction or Contraction of the 


Arterial Trunk by the „ißt Caſe. 


Caſe IV. If the Venal Trunk of a 
Part be opened or dilated, the Blood 
will flow faſter thro* the Part than 
it did before; becauſe the Aperture 
or Dilatation either takes off or leſ- 
ſens the Reſiſtance ariſing from the 

lood which lies before it: The 
elocity therefore will be increaſed 
in the Arterial Trunk, and leſſened 
in 


” 
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in the Veſſels of all the other Parts; 
and its Diminution in thoſe Veſſels, 
and the Contraction of their Mag- 
nitudes conſequent thereon, will be 
greater Or Ieſ , Cateris paribus, as 
the Veſlels are nearer to or farther 
from the Part whoſe Vein is opened 
or dilated, by the /econd Caſe. The 
Veſſels of the Part, whoſe Venal 


Trunk is opened, will contract, not- 


withſtanding the Velocity of the 
Blood in them is increaſed: For by 
the Aperture, the Reſiſtance given 
by the Blood lying beyond it to the 
Motion of the Blood through the 
Part, will be taken off; and by 
Conſequence, the Velocity of the 
Blood flowing through the Part 
will be increaſed: But this Increaſe 
of Velocity beginning in the Vein 
at the Place of Aperture, and 
thence ſucceſſively running through 
the Venal and Arterial Branches, 
and at laſt ending in the Arterial 


Trunk, 


; 
1 
5 
4 
5 


r , E wa 
<<” MD SR: 2 IS \ F : 4 
_— E ** F r 5 „ "i oo * " 
, ps LE : # e Py a 7 i MT TY * p 


3 de ep. ARR os Hr CLARE _— 


* 1 > 10 HFS * 
7 ; - 0 1 ö 1 ho 4 4 4 _ = 8 3 1 8 22 A * # . 
3 reer IE IE TAS * 1g * a 


ANIMAL OEconoMmy. 175 


Trunk, it is evident, that more 
Blood will in a given Time flow out 
of each of theſe Veſlels, that flows 
in; and by Conſequence, all theſe 
Veſſels will be contracted; and the 
Contraction will firſt begin, where 
the Increaſe of Velocity firſt began, 
and ſucceſſively go through the 


Veſſels in the ſame Manner as that 
did. F 


Cor. 1. Hence it appears, that if 
a Part be overloaded with Blood, it 
will be ſooneſt emptied by opening 
the Veſlels of the Part it (elf; and 
next, by opening the Veſſels of the 


Parts which are neareſt to it. 


Cor. 2. If the Blood flows too faſt 
into ſome one Part, from an Aper- 
ture or Dilatation of ſome of its 
Blood - Veſſels; the preternatural 


Influx of Blood into that Part will 


be leſſened by increaſing the Mo- 
tion 
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tion of the Blood thro' the other 
Parts. 


Cor. 3. If the Blood flows too 
flow into ſome one Part, from an 
Obſtruction or Contraction of ſome 
of its Blood-Veflels; the Motion 
through this Part will be increaſed 
by contracting the Veſſels and leſ- 
ſening the Motion thro' the other 
Parts. 


MN. B. There may perhaps be 
ſome little Diſturbances given to 
theſe Laws of Apertures and Ob- 
ſtructions, Dilatations and Con- 
tractions of the Blood Veſſels, from 
ſeveral Inoſculations of Arteries with 
Arteries, and Veins with Veins; but 
as theſe Diſturbances cannot be ac- 
curately determined, ſo neither can 
they be conſiderable ; as appears 
from the Succeſs of Practice ground- 
ed on theſe Laws. 
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PROpOSTTION XX. Problem III. 


FO determme the Changes made 
in the -Velocities of the Blood 
and Magnitudes of the Blood-Veſſels 
in different Parts of the Body, when 
it is ſituated differently with reſpe# 


to the Horizon, b 


The correſponding Arteries and 
Veins are every where contiguous; 
and the Veins are larger than their 
correſponding Arteries, and con- 
ſequently, contain a greater Quan- 
tity of Blood: On which Accounts, 
when the Force of Gravity in a Vein 
conſpires with or oppoſes the Mo- 
tion of the Blood through it, that 
Motion will be more increaſed or 
leſſened by the Force of Gravity in 
the Vein, than it is leſſened or in- 

＋. creaſed 
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creaſed by the ſame Force in the 
correſponding Artery; and more 
or leſs Blood will by virtue of this 
Force flow through the Vein, than 
will flow through the Artery in the 


ſame Time; and therefore, if the 


Vein and Artery be the two Trunks 
of a Part; more or leſs Blood will 
flow out of the Part than flows in, 
and, in Conſequence thereof, the 
Blood-Veflels of the Part will be 
contracted or dilated. For Inſtance, 
in the Day when the Body is ere, 
Gravity conſpires with the Motion 
of the Blood from the Head, and 
oppoſes its Motion from the Legs; 
and in the Night, when the Body 
is horizontal, Gravity neither con- 
ſpires with or oppoſes the Motion 
we theſe Parts: And hence the 
Head will contain leſs, and the Legs 


more Blood, in the Day than in the 
Night, 
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PROPOSITION XXI. Problem IV. 


0 determine the Influence and 
> Power of the Soul over the 


Motion of the Heart. 


That the Soul has a very great 
Power over the Heart, appears from 
the following Inſtances. A dying 
Man, who had had little or no Pulte, 
and had been in cold clammy 
Sweats for ſeveral Hours, was by 


an Accident exceedingly alarmed, 


and thrown into the greateſt Di- 
ſturbance of Mind; upon which his 
Heart and Blood gradually reco- 
vered their Motions to a conſide- 
rable Degree, and kept them above 
an Hour, till his Mind grew calm 
and eaſy; and then they loſt them 
again, and he died in leſs than half 


2 + an 
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an Hour. A ſtrong Extenſion of 
the Legs and Arms 4 tha Power of 
the Will, has quickened the Pulſe 
20 Beats in a Minute, and at the 
ſame Time made it ſo low, that it 
could ſcarcely be felt, The Pulſes 
in a Minute of a Man lying, ſitting, 
ſtanding, walking at the Rate of 
two Miles in an Hour, at the Rate 
of four Miles in an Hour, and run- 
ning as faſt as he could, were 64, 
68, 78, 100, 140, and 150 or more. 
When a Body ſtands up, the Pulſe 
begins to grow quicker the very 
1 the Body begins to riſe, or 
the Soul begins to exerciſe the 
Power which raiſes it; and when a 
Body moves, it grows ſtill quicker; 
and the Soul exerciſes more Force 
to move the Body, in Proportion 
to the Quickneſs of the Motion : 
When a Body firſt ſtands up and 
begins to move, the Pulſe is falle 
than it was before; but grows 
greater 


— — — — — 
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greater by Degrees, as the Body 


grows warm by the Motion, A Fit | | 
of Laughter has quickened the 1 
Pulſe 25 Beats in a Minute: And 1 
breathing voluntarily three or four 4 
Times faſter than uſually, has ö 
quickened it 13 or 14 Beats: The 
Pulſe is quickened by coughing, | 


| ſwallowing, reading loud, or by 
any Motion that is performed by i 
the Power of the Soul. From hence | 


1 
it appears, that the Motion of the 1 
Heart is changed mediately or im- 
mediately, by every Change made i} 
in the Affections, Activity or Power | 
of the Soul, it 
I; 
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SASSSASATASSSASSRALRSS 
Of Reſpiration. 
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PrxorosITION XXII. 


FF an heated Body be placed in a 
C Wind blowing uniformly ; the 
Time of its cooling will be greater or 
leſs, as the Quantity of Matter in the 
Body, or its Degree of Heat at the 
Time of its being firſt placed in the 
Wind, or the Degree of Heat in the 
Wind, is greater or leſs; or as the 
Surface of the Body is leſs or greater. 


For if the Degree of Heat in the 
Body at the Time of its being firſt 
placed in the Wind, and the De- 


gree of Heat in the Wind, be both 


given; the Time of its cooling will 


be 
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be as the Quantity of Heat in the 
Body in Proportion to the Meaſure 
according to which it is cooled: 
But the Degree of Heat in the Body 
being given, its Quantity of Heat 
will be as its Quantity of Matter; 
and the Surface of the Body is the 
Meaſure according to which it is 
cooled: And therefore, the Time 
of cooling will be as the Quantity 
of Matter in the Body in Proportion 
to its Surface; and by Conſequence, 
will be greater or leſs, as the Quan- 
tity of Matter is greater or leſs, or 
as the Surface is leſs or greater: If 
the Body, and Degree of Heat in the 
Wind, be both given; the Time 
of its cooling will be greater or leſs, 
as the Degree of Heat in the Body, 
when bull placed in the Wind, is 
greater or leſs. From Sir 1/aac 
Newton's Scale of the Degrees of 
Heat, it appears, that the Time 
of the Body's cooling will not be 


pro- 
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proportional to its Heat when firſt 
placed in the Wind : For if one and 
the ſame Body has different Degrees 
of Hear, the Times of its cooling 
will be in Arithmetick Proportion, 
when the Degrees of Heat are in 
Geometrick Progreſhon ; whence 
the Time of cooling in Proportion 
to the Heat, will for the moſt part 
be greater when the Heat is leſs ; 
and therefore, the Time of cool- 


ing will not be proportional to the 


Degree of Heat in the Body when 
firſt placed in the Wind; and yet 
it will ever be greater when the Heat 
is greater, and leſs when it is leſs : 
If the Body, and its Degree of 
Heat when firſt placed in the Wind, 
be both given; the Time of cooling 
will be greater or leſs, as the Wind 
is warmer or colder, that is, as the 


Degree of Heat in the Wind is leſs 


_ And therefore, the Pro- 


poſnion is true. 
Cor. 
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Cor. 1. If a Body of a given Fi- 
gure be heated to a given Degree, 
and then placed in a Wind blowing 
uniformly, and the Degree of Heat 
in the Wind be given; the Time of 
its cooling, will be as a given Side 
and Denſity of the Body taken 
together, as is evident from the 
Proof of this Propoſition. If the 
Body be a Cube, the Time of its 
cooling will be as the Side and Den- 
ſity of the Cube; and if a Globe, 
as the Diameter and Denſity of the 
Globe; taken together. 

Cor. 2. If a homogeneal Body of 
a given Figure be heated to a given 
Degree, and then placed in a Wind 
blowing uniformly whoſe Heat is 
ew the Time of its cooling will 

e as a given Side of the Body. If 
the Body be a Cube, the Time of 
its cooling will be as the Side of the 
Cube ; and if a Globe, as its Dia- 
meter, 5 

Aa P x 0= 
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2 an heated Body be placed in a 
Wind blowing uniformly; the 
Heat which it laſes in a very ſhort 
given Time, when firſt placed in the 
Wind will be as the Heat and Surface 
of the Body taken together direftly, 
and as the Heat of the Air inverſly. 
If S denotes the Surface of the Body, 
H zts Degree of Heat when placed in 
the Mind, A the Degree of Heat in 
the Wind, and h the Heat that is 
communicated to the Air and loft in the | 
Body in a very ſhort given Time; 


then h will be as = : 


For the Air heated by the Body 
will be conſtantly carried off by the 
Wind, and other Air will ſucceed 

into 


. 


1 
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into its Place with an uniform Mo- 
tion; by which Means, equal Parts 
of Air will be heated by the heated 
Body in equal Times, and conceive 
a Heat proportional to the Heat of 
the Body ; and conſequently, one 
and the ſame heated Body, placed 
in a Wind blowing uniformly whoſe 
Degree of Heat is given, will when 
firſt placed in the Wind communi- 
cate to the Air, and conſequently 
loſe, in a ſhort given Time, a Hear 
which is proportional to the Heat of 
the Body: If the Body be different, 
but its Degree of Heat, and the 
Degree of Heat in the Wind, be 
bak given; the Body will commu- 
nicate to the Air, and conſcquently 
loſe, in a very ſhort given Time, a 
Heat which is proportional to the 
Surface of the Body: And if both 
the Body and its Degree of Heat be 
given; it will communicate to the 
Air, and conſequently loſe, in a 
A a2 very 
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very ſhort given Time, a Heat 
which is proportional to the Cold- 
neſs of the Wind; which Coldneſs 
is inverſly as its Degree of Heat: 
And therefore, the Heat commu- 
nicated to the Air, and loſt by a 
Body heated and placed in a Wind 
blowing uniformly, will be as the 
Heat and Surface of the Body taken 
together directly; and as the Heat 


of the Wind inverſly, that is, h will 


SH 
be as X 


Cor. 1. If the Heat of the Wind 
be given; the Heat which is com- 
municated to the Air, and loſt in 
the Body, in a given Time, vill be 
as the Surface of the Body, and as 


its Degree of Heat when firſt ex- 


poſed to the Wind, taken together, 
If A be given, h will be as SH, 


Cor. 2. If the Degree of Heat in 
the Body, when firſt 


Wind, 


expoſed to the 
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Wind, be given; the Heat com- 
municated to the Air, and loſt in the 
Body, in a given Time, will be as 
the Surface of the Body directly, 
and as the Degree of Heat in the 
Wind inverſly, If H be given, h 


will be as T. 


Cor. 3. If the Surface of the Body 
be given; the Heat which is com- 
municated to the Air, and loſt in 
the Body, in a given Time, will be 
as the Heat of the Body, when firſt 
expoſed to the Wind, directly; and 


as the Heat of the Wind inverſly. 


If S be given, h will be as * 0 


Cor. 4. If the Degree of Heat in 
one and the ſame Body, or in diffe- 
rent Bodies of which the Surfaces 
are equal, be given, when firſt ex- 
poſed to the Wind; the Heat which 
the Body or Bodies will communi- 

TON cate 


| 
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cate to the Air, and conſequently 
loſe, in a very ſhort given Time, 
vill be inverſly as the Heat, or di- 
rectly as the Coldneſs of the Wind. 


If S and H be given, h will be as 5. 


% | 


SASSSHSSHHSS 
ProposITION XXIV. 


T HE Life of Animals is preſerved 
it 


acid Parts of the Air, mix- 


ing with the Blood in the Lungs: 
Which Parts diſſolve or attenuate the 
Bload, and preſerve its Heat; and by 


both theſe, keep up the Motion of the 
Heart. 


I ſhall prove the Truth of this 


Propoſition, from a Series of Experi- 


ments and Obſervations. 


Firft then, Animals die, when 


they are deprived of Air by ſtop- 


ping 
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ping the Wind- pipe, or putting 
them in an Air Pump and drawing 
out the Air. And they likewiſe die 
ſoon in a ſmall Quantity of Air ſo 
cloſely confined, as to have no Com- 
munication with the reſt of the At- 
moſphere: Small Birds cannot live 
above three or four Hours in a 
Quart of fuch Air; and a Gallon 
of Air included in a Bladder, and 
by a Pipe alternately inſpired and 
expired by the Lungs of a Man, 
will become unfit to preſerve Life 
in little more than one Minute of 
Time. 

Hence it appears, that Air is ne- 
ceſlary to preſerve the Life of Ani- 
mals: And likewile, that a conſtant 
Supply of freſh Air is neceſſary to 
that End. * 


Secondly, A Candle goes out, 
glowing Coals and red-hot Iron 
ceaſe to ſhine, and Animals die, in 4 
35 the | 
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the Air-Pump on drawing out the 
Air. A Candle goes out, glowing 
Coals and red- hot Iron ceaſe to 
ſhine, and Animals die, in a ſmall 
Quantity of Air ſo cloſely confined, 
as to have no Communication with 


the reſt of the Atmoſphere. Ani- 


mals die in Air rendered effete b 

burning Coals or Candles in it til 
they are extinguiſhed, and glowing 
Coals or Candles are extinguiſhed 
in Air rendered effete by Animals 
breathing in it till they die. Hook 
found, that if Air rendered effete 
be blown on live Coals, it produces 


no other Effect, than to blow off 


the Aſhes and put ont the Fire; and 
that the more you blow, the more 
dead is the Light, and the ſooner 
is the Fire quite extinct; infomuch 
that in a very little Time, the Coals 
become perfectly black without 
emitting Ke leaſt Glimpſe of Light 
or Shining: At which Time, if ot 
Bla 
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Blaſt of freſh Air be blown upon 
thoſe ſeemingly dead, extinct, and 
black Coals, they all begin to glow, 
burn, and ſhine afreſh, as if they had 
not been at all extinct; and the more 
freſh Air is blown upon them, the 
more they ſhine, and the ſooner 
are they burnt out and conſumed: 
And Animals put into ſuch effete Air 


| ſoon die, tho for ſome Time they 


breath, and move their Lungs as 
before, The Medium found in 
Damps, is preſent Death to thoſe 
who breath it; and in an Inſtant, 
extinguiſhes the brighteſt Flame, 
the Shining of glowing Coals, or 
red - hot Iron, when put into it. 
Common Air, by paſſing thro? red- 
hot Braſs, red-hot Iron, red-hot 
Charcoal, or the Flame of Spirit of 
Wine, becomes unfit to preſerve 
Life, and the Shining of Fire and 
Flame, 


B b Hence 
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Hence it appears, that freſh Air 
preſerves Life in Animals by the 
very ſame Power, or by the Opera- 
tion of the very ſame Parts, where- 
by it preſerves Fire and Flame in ſul- 
phureous and unctuous Subſtances, 


when once they are kindled. 


Thirdly, If two Parts of com- 
pound Spirit of Nitre be poured on 
one Part of Oil of Cloves or Ca- 
raway Seeds, or of any ponderous 
Oil of Vegetable or Animal Sub- 
ſtances, or Oil of Turpentine thick- 
ened with a little Balſam of Sulphur; 
the Liquors grow ſo vey hot in 
mixing, as preſently to ſend up a 
burning Flame: If a Drachm of the 
ſame compound Spirit be poured 
upon half a Drachm of Oil of Ca- 
raway Seeds, even in vacuo, the Mix- 
ture immediately makes a Flaſh like 
Gunpowder: And well-rectified Spi- 
rit of Wine poured on the ſame 
compound 
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compound Spirit flaſhes. Common 
Sulphur and Nitre powdered, mix- 
ed together, and kindled, will con- 
tinue to burn under Water, or in 
vacuo, as well as in the open Air. 
Now ſince Air is neceſſary to pre- 
ſerve common Fire and Flame in 
ſul phureous and unctuous Subſtan- 
ces, when once they are kindled ; 
and it appears by theſe Experiments, 


that Fire and Flame may both be 


produced and preſerved in ſulphu- 
reous and unctuous Subſtances, by 
acid Particles even without Air; it 
follows, that Air preſerves Fire and 
Flame by means of acid Particles: 
And fince it preſerves the Life of 
Animals, by the Operation of the 
very ſame Particles whereby it pre- 
ſerves Fire and Flame; it likewiſe 
follows, that it preſerves the Life 
of Animals by its acid Particles. 


B b 2 Fourth- 
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Fourthly, The Venal Blood is of 

a deep purple Colour, and the Ar- 
terial Blood of a bright red, in all 
Parts of the Body except the Lungs ; 
and in them the Blood is of a dark 
purple Colour ig the Pulmonary Ar- 
tery, and of a bright red in the 
Pulmonary Vein. Henceit follows, 
that the Blood changes its deep 
purple Colour into a bright red, in 
the communicant Branches of the 
Pulmonary Artery and Vein which 
are ſpread on the Veſicles; and that 
it changes its bright red into a deep 
purple Colour, in the communicant 
Branches of the Arteries and Veins 
of other Parts. If Blood be drawn 
out of a Vein, its Surface, which is 
contiguous to the Air, will acquire 
the ſame bright red Colour which 
the Blood acquires in the Lungs; 
and if this red Surface be cut off 
with a ſharp Knife, the blackiſh 
| Surface 
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Surface of the remaining Blood, 
being now touched and acted upon 
by the Air in the ſame Manner as 
the firſt, will acquire the ſame Co- 
lour as that did; and the ſame 
Change of Colour will be made in 
the Bottom of the Cake, if it be 
turned upwards in the Cup, and ex- 
poſed to the Air; and if Blood juſt 
drawn be ſtirred and agitated, till 
the Air be intimately mixed with 
it throughout, its whole Subſtance 
will ſoon acquire the bright red Co- 
lour of Arterial Blood, If the Wind- 


pipe be ſtopped with a Cork, and 


ſome Time after the Operation 


(when the Air which is ſhut up in 
the Lungs is made effete, that is, 
deprived of its acid Parts) Blood 
be drawn from the Cervical Artery, 


it will have the ſame dark purple 

Colour as Venal Blood. 
Now fince from theſe Experi- 
ments, the Air muſt touch Venal 
| Blood 
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Blood drawn out of the Body to 
change its deep purple Colour into 
a bright red, and the acid Parts of 
the Air cauſe the ſame Change of 
Colour in the Blood in the Lungs ; 
it will follow, that there muſt be a 
like Contact of theſe acid Parts with 
the Blood in the Lungs. And ſince 
I have ſhewn, that Air preſerves the 
Life of Animals by its acid Parts; 
it will likewiſe follow, that the Life 
of Animals is preſerved by acid Parts 
of the Air mixing with the Blood 
in the Lungs. 


Fifthly, The bright red Colour 
acquired by the Blood in the Lungs, 
from its Purity and Intenſeneſs, is 
the Red of the ſecond Order of Co- 
lours in the Table of Sir //aac New- 
tons Opticks, p. 206: But the black- 
iſh or deep purple Colour of Venal 
Blood turns into this bright Red, 
without paſſing through the Co- 


lours 


| 


n 
*: io — . 
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lours of Blue, Green, Yellow, and 
Orange; and therefore, mult ariſe 
from the Indigo and Purple of the 
third Order, and not from the In- 
digo and V iolet of the ſecond: And 
conſequently by that Table, the 
tinging Corpuſcles of the Blood are 
leſtened in the Lungs. 

Hence it appears, that the acid 
Parts of the Air diſſolve or attenuate 
the Blood in the Lungs. 

Oil of Vitriol and Water poured 
ſucceſſively into the ſame Veſſel, 
grow very hot in the mixing. Aqua 
fortis, or Spirit of Vitriol, poured 
upon Filings of Iron, diſſolves the 
Filings with a great Heat and Ebul- 
lition. And the Acid of the Air 


conſtantly apply d to ſulphureous 


and unctuous dubſtances, when once 
they are kindled, continues to diſ- 


ſolve them with the Heat of Fire 
and Flame 4 


From 
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From theſe Experiments we learn, 
that it is the Nature of Acids to diſ- 
ſolve Bodies with Heat; and there- 
fore, ſince I have ſhewn that the 
Acid of the Air diſſolves the Blood; 
it muſt be allowed, that it warms 
the Blood at the ſame time it diſ- 
ſolves it. 
When Animals are deprived of 
the Acid of the Air, the Pulſe in 
leſs than one Minute of Time be- 
comes ſmall and quick; as may be 
obſerved in a Dog, when his Lungs 
are made flaccid and without Mo- 
tion by laying open his Thorax. 
Upon emptying my Lungs of Air 
as much as I could, and then ſtop- 
Ping my Breath; my Pulſe has grown 


fmall and quick, with a kind of 
trembling convulſive Motion, in leſs 
than half a Minute of Time. And 
Thruſton obſerved the Pulſe to grow 


{maller on an Intermiſſion of Re- 
ſpiration, 


F 
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1 


piration, and greater again on re- 
peating it. | 


Hence it appears, that the Mo- 


tion of the Heart leſſens immedi- 
ately on Animals being deprived of 
the Acid of the Air; and conſe- 
quently, that this Acid by diflolving 
or attenuating the Blood and pre- 
ſerving its Heat, keeps up the Mo- 
tion of the Heart. | 
Therefore the Propoſition is true, 


SCHOLIUM, 
1. The Motion of the Lungs in 


breathing is no otherwiſe neceſſary 
to the Life of Animals, than as by 


this Motion the Lungs receive a con- 


ſtant Supply of freſh Air. 
For Hook, after he had laid open 
the Thorax of a Dog, cut away his 


Ribs and Diaphragm, and taken off 


the Pericardium, kept him alive be- 
fore the Royal Society of London 
O's above 
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above an Hour, by blowing freſh 
Air. into his Lungs with a pair of 
Bellows. It was obſerved, that as 
often as he left off blowing, and 
ſuffered the Lungs to ſubſide and 
lie ſtill, the Dog preſently fell into 
dying convulſive Motions, and ſoon 
recovered again on renewing the 
Blaſt. After he had done this ſe- 
veral Times with like Succeſs, he 
pricked all the outer Coat of the 
Lungs with the ſlender Point of a 
ſharp Penknite, and by a conſtant 
Blaſt made with a double pair of 
Bellows, he kept the Lungs always 
diſtended and without Motion; and 
it was obſerved, that while the Lungs 
were thus kept diſtended with a con- 
ſtant Supply of freſh Air, the Dog 
lay ſtill, his Eyes were quick, and 
his Heart beat regularly; but that 
upon leaving off blowing, and ſuf- 
fering the Lungs to ſubſide and lie 
ſtill, the Dog preſently fell into dy- 


ing 
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ing convulſive Motions, and as ſoon 
recovered again on renewing the 
Blaſt, and ſupplying the Lungs with 
freſh Air. | 

2. The Motion of the Lungs in 
breathing does not change the Co- 
lour of the Blood in that Part. 

For Lower, on opening the Pul- 
monary Vein of a Dog near the left 
Auricle of the Heart, when his 
Lungs were kept diſtended and with- 
out Motion by a conſtant Supply of 
freſh Air, obſerved the Blood drawn 
to have the ſame florid Colour, as 
the Arterial Blood of other Parts. 

Farther, If the Motion of the 
Lungs changes the Colour of the 
Blood from a dark Purpletoa bright 
Red; I ſee no Reaſon, why the Mo- 
tion of the Muſcles when continued 
for ſome Time ſhould not keep up 
that red Colour in the Veins; and 
conſequently, why under ſtrong 
| Exerciſe Venal Blood ( contrary to 
Cc2 Expe- 


| 
| 
| 
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Experience) ſhould not be of abright 


red Colour. For a ſtrong and vi- 
gorous Motion of the Muſcles muſt 
undoubtedly contribute as much to 


- preſerve the bright red Colour of 


Arterial Blood, as the Motion of 
the Lungs contributes to produce it. 
3. The Death of Animals and 
Extinction of Flame in a confined 
Air, are not cauſed by a Diminution 
of its Elaſticity. 7 2 J 
For there is ſometimes as great a 
Diminution of Elaſticity in the Air 
in violent Storms of Wind and Hur- 
ricanes, as there is in a ſmall Quan- 
tity of confined Air at the Time 
when Animals die and Candles go 
out in it; and yet no ſuch Effects 
follow. Farther, If Animals die 
and Candles go out in a confined 
Air, from a Diminution of its Ela- 
ſtacity; then theſe Effects would not 
be produced in different Quantities 
of confined Air, until is Elaſticity 
was 


ANIMAL OEcoxnoMYy. 205 


was equally diminiſhed in them: 
But it has been found by Experi- 
ments, that at the Time when Ani- 
mals die and Candles go out in two 
different Quantities of confined Air, 
there is a greater Diminution of 
Elaſticity in the ſmaller Quantity 
than in the greater : And therefore, 
Life and Flame are not deſtroyed by 
a Diminution of the Elaſticity of the 
Air. This is farther confirmed ſtom 
an Experiment mentioned above; 
For if effete Air, however forcibly 
blown on live Coals, extinguiſhes 
them in like Manner as it does 
when in a State of Reſt; then the 
ſame effete Air, which in a quieſcent 
State cannot preſerve Life, will not 
be able to do it when it is preſſed 
into the Lungs with any Force, 
even a greater than is ſufficient to 
{well the Air-Veſlels to their uſual 
Magnitudes : And therefore Ani- 
mals do not die in a confined Air, 
| from 


| 
| 
| 
| 


68 —  <- LESS — — 


aan DA. 9h96 — —ę—— i Du 


206 A Treatiſe of the 


from the Ye/ſicule not being ſuffi- 
ciently dilated on account of a Di- 
minution of the Elaſticity of the 
Air. A Diminution of the Elaſti- 
city of the Air is no otherwiſe hurt- 
ful, than as it hinders the Veſicles 
from being ſufficiently dilated, and 
thereby hinders the Blood from re- 
ceiving its uſual Quantity of Acid in 


a given Time: On which account, 


the Blood will not be ſufficiently diſ- 
ſolved and warmed in the Lungs; 
which will make Reſpiration quick 


and uneaſy, but cannot cauſe ſudden 
Death. | 


 PrRoPposITION XXV. 


FF healthful Bodies be chathed alile, 
and placed in a Wind blowing uni- 
formly, or move gently along m a calm 
and flull Air with the ſame uniform 
Motion; 
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Motion; and if Heat be generated 
in their Blood by the Acid of the Air, 
as faſt as it is loſt by being communi- 
cated to the Air in their Lungs and at 
their Skins: The Heats generated in 
therr Blood in a ſhort given Time, will 
be as the Sums of the internal Sur- 
faces of their Syſtems of Air-Veſſels 
and external Surfaces of their Bodies, 
and as the Degrees of Heat m their 
Blood, taken together, aireflly ; and 
as the Degrees of Heat m the Wind or 
calm Air imoerſly. IS, s denote the 
Sums of the ſaid Surfaces of two 
healthful Bodies; H, h the Degrees 
of Heat in their Blood when they are 
firſt placd in the Wind, or begin to 
move in a calm and ſtill Air; A, a 
the Degrees of Heat in the Wind or 
Air ; and G, g the Heats generated 
in their Bhod by the Acid of the Air 
in a ſhort given Time: I ſay, that 
SH sh 
G. g:: T. . 


For 
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For fince the Bodies are ſuppoſed 
to be cloathed alike, the external 
Surfaces of their Bodies will be alike 
expoſed to the Air; and the inter- 
nal Surfaces of their Syſtems of Air- 
Veſſels are always alike expoſed to 
it, on account of Reſpiration; and 
ſince it is the ſame thing to move 
gently along in a calm and till Air 
with an uniform Motion, as to ſtand 
ſtill in a Wind blowing with the 
ſame uniform Motion: It is evident, 
by the 234 Propoſition, that the 
Heats communicated to the Air and 
loſt in the Blood of healthful Bodies 
in a very ſhort given Time, will be 
as the Sums of the internal Surfaces 
of their Syſtems of Air- Veſſels and 
external Surfaces of their Bodies, 
and as the Degrees of Heat in their 
Blood, taken together directly; and 
the Degrees of Heat in the Wind or 
Air inverſly : But by Suppoſition, 
the Heat is generated by the Acid 0 

the 
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the Air as faſt as it is loſt by being 
communicated to the Air in the 
Lungs and at the Skin: And there- 
fore, the Heats generated by the 
Acid of the Air in the Blood of 
healthful Bodies in a ſhort given 
Time; will be as the Sums of the 
internal Surfaces of their Syſtems of 
Air-Veflels and external Surfaces of 
their Bodies, and the Degrees of 
Heat in their Blood; taken toge- 
ther, directly; and as the Degrees of 
Heat in the Wind or Air, inverſly; 


1 3 
that 18, G. g:: 7 


Cor. 1. If the Degrees of Heat in 
the Blood of Bodies under the Cir- 
cumſtances ſuppoſed in this Propo- 
ſition, and the Degrees of Heat in 
the Wind or calm Air be reſpective- 
ly equal; the Heats generated in 
the Blood by the Acid of the Air 
in a given Time, will be as the Sums 


D d of 
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of the internal Surfaces of the Syſ- 
tems of Air-Veſlels and external Sur- 
faces of the Bodies. If H=h, and 
Aa; then will G. g:: S. s. 


From ſome Experiments made 
with a Thermometer at the ſame 
Time and in the ſame Place, I have 
found the Heats of the warmeſt Parts 
of the Skin, and conſequently the 
Heats of the Blood, to be nearly 
equal in healthful Bodies of all 
Ages, notwithſtanding the Limbs 
of old Bodies are conſiderably cold- 
er than the Limbs of young Bodies, 
or Bodies of a middle Age: Andif 
by a larger Experience, this ſhall 
be found to be univerſally true; then 
will this Corollary obtain in all 
healthful Bodies in the ſame Place 
| and at the ſame Time: And as theſe 
| Experiments were made when the 
| 


Bodies were at Reſt, and the Air 
{till and calm, ſo this Corollary will 
likewiſe 
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likewiſe obtain nearly in Bodies at 
Reſt in a calm and till Air, in the 
ſame Place and at the ſame I ime: 
And granting this, and ſuppoſing 
the external Surfaces of the Bodies 
to be proportional to the whole in- 
ternal Surfaces of their Syſtems of 
Air-Veſſels, and thoſe whole Sur- 
faces to be proportional to the in- 
ternal Surfaces of all their Veſicles 
through which the Acid of the Air 
paſſes into their Blood; then will 
the Heats generated in a ſhort given 
Time in the Blood of healthful Bo- 
dies, in the ſame Place and at the 
ſame Time, be as the internal Sur- 
faces of all the Veſicles of their re- 
ſpective Syſtems of Air-Veſlels: And 
if the Veſicles attract the acid Parts 
of the Air in Proportion to the Mag- 
nitudes of their internal Surfaces, 
(as I have ſhewn the Blood-V eflels 
to act on the Blood by attractive or 
ſome other Powers, in Proportion 


Dd 2 to 
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to the Magnitudes of their internal 
Surfaces) then will the Heats gene- 
rated in the Blood by the Acid of 
the Air in a ſhort given Time, be 


as the attractive Powers of all the 
Velicles. 


Cor. 2. If the Degrees of Heat in 
the Blood of Bodies under the Cir- 
cumſtances ſuppoſed i in this Propo- 
tion, be equal; the Heats generated 
in it by the Acid of the Air in a 
ſhort given Time, will be, as the 
Sums of the internal 8 of the 
Syſtems of Air- Veſſels and external 
en of the Bodies, directly, and 
as the Degrees of Heart i in the Wind 
or calm Air jinverſly : If Hh, then 


If by the Thermometer it ſhall be 
found, . the Degree of Heat in 
the Blood of healthful Bodies is 


much 
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much the ſame at all Seaſons of the 
Year, and in all Climates; then by 
this Corollary, more or lefs Heat will 
be generated in the Blood of the 
ſame Body in a given Time, as the 
Air is colder or hotter ; which can- 
not be, unleſs the Air when it is cold 
abounds more with this Acid, than 
when it is hot: And that it does ſo, 
appears from Fire burning beſt when 
the Air is coldeſt, and worſt when it 
is hotteſt, Now if the Air be cooled 
by the ſame Acid which generates 
Heat in the Blood when mixed with 
it; then as the Air abounds more 
or leſs with this Acid, it will be 
colder or hotter; and more or leſs 
Heat will be both generated and loſt 
in the Blood, in a given Time. 

By the 24% Propoſition, the Acid 
of the Air diſſolves or attenuates the 
Blood, at the ſame Time it gene- 
rates Heat in it; and the Diſſolu- 
tion or Attenuation will be greater 
or 


— — 
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or leſs, as more or leſs of this Acid 
is mixed with the Blood in a given 
Time: And therefore the Blood 
will be more diſſolved or attenuated 
in Winter than in Summer, in cold 
Countries than in hot. And if the 
Want of a ſufficient Diflolution or 
Attenuation of the Blood be the 
Cauſe of Malignant Diſeaſes; Bo- 
dies will be more ſubject to ſuch 
Diſeaſes in Summer and hot Coun- 
tries, than in Winter and cold Coun- 
tries. 

This is the general Law of the 
Attenuation of the Blood, and Heat 
generated in it, in a given I ime, on 
Suppoſition that the Degree of Heat 
in the Blood is given: However, it 


may ſometimes happen, that the 


Attenuation of the Blood and the 
Heat generated in it, may not be 
proportional to the Degree of Cold- 
neſs in the Air. For the Air may 


be ſo exceſſively cold, and ſo great- 
bh 


— 
- 
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ly ſaturated with this Acid, that the 
mutual Attraction of its Particles, 
ariſing from their Cloſeneſs to one 
another, may hinder them from be- 
ing drawn into the Blood in as great 
a Quantity, as when the Air abounds 
leſs with them: And whenever this 
happens, the Fluidity and Heat of 
the Blood will be deſtroyed faſter 
than they are generated; and if this 
continues for any Time, it muſt of 
Neceſſity put an End to Life. The 
Caſe here is much the ſame as in 
Oil of Vitriol, and ſome other A- 
cids; which from their too great 
Strength will not diſſolve Metals ſo 
quickly, nor raiſe ſo great a Heat, 
as the fame Acids when made weak- 
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ProPosITton XXVI. 

74 healthful Bodies, ſituated alike, 
whoſe Hearts and Lungs are free 
from the Influences of all diſturbing 
Cauſes, have the mean Capacities of 
their Syſtems of Air-Veſſels e 
al to the mean Capacities of their Sy/- 
tems of Blood-V/: th, and the mean 
Numbers of ther Inſpirations in a groen 
Time proportional to the menn Num- 
ers of their Pulſes in that I ime; the 
mean Duaninies of freſh Air inſpi- 
red, will be as the mean Quantities of 
Blood which flow thro their Lungs in 


the groen Time F 


Since by Suppoſition, the Bodies 
are ſituated alike with reſpect to the 
Horizon, and their Hearts are free 
from the Influences of all diſturbing 
Cauſes; the mean Capacities of the 


Syſtems of Blood-Veſſels will be 7 
7 the 
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the mean Capacities of correſpond- 
ing Veſlels; that is, as the Squares 
of their mean Diameters into their 
Lengths, or into the Lengths of 
the Bodies; therefore, the mean Ca- 
pacities of the Syſtems of Blood- 
Veſlels of Bodies of two different 
Letigths, will be as D*L and d', D 
and d denoting the mean Diameters 
of any two correſponding Veſſels, 
and L and | the Lengths of the Bo- 
dies: Since likewiſe by Suppoſition, 

the mean Capacities of the Syſtems 
of Air-Veſſels are as the mean Ca- 
pacities of the Syſtems of Blood- 
\eflels ; the mean Capacities of the 
Syſtems of Air-Veſſels of Bodies of 
two different Lengths, will be as 
D*L and d'l, when the Bodies are 
ſitting, and their Heatts free from 
the Influences of all diſturbing Cau- 
ſes: And ſince alſo by Suppoſition, 
the meart Numbers of Inſpirations 
are as the mean Numbers of Pulſes 
E e in 
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in a given Time; the mean Quan- 
tities of freſh Air inſpired by health- 
ful Bodies of two different Lengths, 
will be as the mean Capacities of 
their Syſtems of Air-Veſſels, and 
mean Numbers of their Pulſes in 
that Time, taken together, that is, 
as D*LPanddlp, P and p denot- 
ing the mean Numbers of Pulſes in 
the given Time: But by the fr 


Corollary of the 14 Propoſition, 
V 


P. p:: P. T: And therefore, the 
Quantities of freſh Air inſpired in 
a given Time will be as D*V and 
d'v, that is, as the mean Quanti- 
tics of Blood which flow thro? the 
Lungs in the given Time. 


The mean Numbers of Pulſes and 
Inſpirations in a Minute, of healthful 
Bodies of three different Lengths 
in the Morning when they were ſit- 


ting, were 65, 72, 116, and 17, 


I9, 
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19, 30. Hence it appears, that 


the mean Numbers of Pulſes and 
Inſpirations in a given Time, are 


roportional to one another in 
healthful Bodies, when they are 
ſituated alike with reſpect to the 
Horizon, and their Hearts are free 
from the Influences of all diſturb- 
ing Cauſes: And if from Experi- 
ments it ſhall be found, that the 


mean Capacities of the Syſtems of 


Air-Veſlels are proportional to the 
mean Capacities of the Syſtems of 


Blood-Veſſels; then will this Pro- 


poſition be true in healthful Bodies. 


Cor, 1. If this Propoſition be true; 
the mean Quantities of freſh Air in- 


ſpired in a given Time by health- 


| Bodies, will be in Ratios com- 
pounded of the duplicate and ſub- 
duplicate Ratios of the mean Dia- 
meters of correſponding Blood-Veſ- 
ſels, that is, as D*vD and d'/d. 
Ee 2 For 


220 A Treatiſe of the 


For V. v:: „D. „d, by the Twelfth 
Propoſition: But the Quantities of 
| freſh Air inſpired in a given Time, 
are as D' V and dv, by this Propo- 
ſition : And therefore, the Quanti- 
| ties of freſh Air inſpired in a given 
Time will be as D- and df yd. 


Cor. 2. If this Propoſition be true; 
the mean Quantities of Air inſpired 
in a given Time by healthful Bo- 
t dies of different Lengths, will be 
1 in Ratios compounded of the ſimple 
| and ſubquadruplicate Ratios of the 
Lengths of the Bodies, that is, as 
| LxL* and 1xFf, For D. d:: L*. I, by 
| Cor. 4. Prop. 12; and by Conſe- 
| quence, DVD. d' Vd: LxL. 1x1: 
But the mean Quantities are as 
D* „D and d' yd, by the laſt Coro 
lary ; And therefore, they will be 
as LxL* and II. 


Car. 
\ is * 
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N 

Cor. 3. If this Propoſition be true; f (| 
the mean Quantities of Air inſpired WM 
in a given Time by healthful Bo- 1 | 
dies of different Lengths, will be in 10 
Ratios compounded of the dupli- 10 
2 cate Ratios of their Lengths, and 1 | 
of the {imple Ratios of the Num- 
bers of their Pulſes in a given Time, 
that is, as L*P and Ip. For by this 
Propoſition, the mean Quantities of 
Air inſpired in a given Time are as 
D*V and d*'v; But by Cor. 4. Prop. 
13, . . 
Prop. 14, V. v:: LP. Ip: And 
F therefore, the mean Quantities of 
Air inſpired in a given Time will 


be as L'P and F'p. 


= Z — 
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Cor. 4. If this Propoſition be true; | 
the Quantities of freſh Air inſpired 110 
in a given Time in Proportion to 19 
the whole Quantities of Blood, will | 


be 
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be as the N ambers of Pulſes in a 
V 


Dy 5 
And therefore, r DT : P. p. 
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SECTION II. 


Of Digeftion and Nutrition, Secre- 
tion, and the Diſc harges of Hu- 


man Bodies. 


PROPOSITION XXVII. 
* HE Nouriſhment of Animals 


changes its Texture in their Bo- 
dies, till it 1 like their ſold and 
alle Parts. 


For the ſolid and durable Parts 
of Animal Bodies grow out of their 
Nou- 
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Nouriſhment : But their Growth is 
from an Addition and Adheſion of 
like Parts: And therefore, the Nou- 
riſhment of Animals changes its 
Texture in their Bodies till it be- 
comes like their ſolid and durable 
Parts. ä 


Cor. 1. Hence it appears, that 
Animals will not be rightly nou- 
riſhed, when their Nouriſhracit does 
not change its Texture in theit Bo- 
dies till it becomes like their ſolid 
and durable Parts: 


Cor. 2. Hence it appears, that the 
Nouriſhment, by changing its Tex- 
ture in the Bodies of Animals; be- 
comes more dry and earthy than 
it was before; otherwiſe, it would 


not be like their ſolid and durable 
Parts. 


PRo- 


— dem anc 
— Bo 
* 
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PRO POSITION XXVIII. 


TH Texture of the N 2 ſhmeni 
is changed in the Bodies of Ani- 
mals, by a gentle Heat and Motion. 


| The firſt remarkable Change in 
the Texture of the Nouriſhment is 
made in the Stomach : In this Bowel 
the ſolid Parts of the Food are diſ- 
ſolved and intimately mixed with 
the Fluids, This Mixture is uſually 
called Chyle, 

Some, from obſerving that Fluids 
have a Power of diſſolving Bodies, 
have thought that a Fluid in the Sto- 
mach diſſolves the Food and turns it 
into Chyle: But as it does not ap- 
pear from Experiments and Obſer- 
vations, that there is a Fluid in the 
Stomach endued with ſuch a Power; 

Ff this 
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this Opinion is without Founda- 
tion. 

Others, from obſerving the great 
Strength of the Gizzards of Fowls, 
and that there is commonly Gravel 
found in them, have imagined, that 
the Food is diſſolved in the Sto- 
machs of Fowls, and conſequently 
in the Stomachs of all Animals, by 
Attrition or Grinding. But if this 
Opinion be examined, it will like- 
wiſe appear to be without Founda- 
tion. For the Food of Fowls is 
moſtly Grain, all Sorts of which 
are hard and covered with tough 
Skins; and therefore, before this 
Food can be diflolved and turned 
into Chyle, it muſt be ſoftened, and 
its Skins ground off; the firſt of 
which is done by Warmth and Moi- 
{ture in the Craw, and the ſecond 
by Attrition in the Gizzard. By 


theſe Contrivances, the Food of 


Fowl is prepared and fitted for Di- 


_ oeſtion; 


1 8 n = of 
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geſtion; as human Food is by 
Cookery and other Ways of pre- 
paring it, and by the grinding of 
the Teeth. But if we ſhould grant, 
that the Food of Fowl is diſſolved 
and turned into Chyle by Attrition ; 
it will by no means follow, that 
Food is ſo diflolved and turned inro 
Chyle in a human Stomach, which 
has no Gravel in it, and has but ve- 
ry little Muſcular Strength in Com- 
pariſon of the Gizzards of Fowls. 
There may be many different Con- 
trivances in different Species of Ani- 
mals, to ſoften, groſſy divide, and 
pres their Food for Digeſtion ; 

ut it will not from thence follow, 
that their Food is digeſted or turned 
into Chyle by different Cauſes. 

The Food is diflolved and turned 
into Chyle by a gentle Heat and 
Motion. Heat makes many Bodies 
fluid, which are not fluid in Cold. 
BUY Lead 


* 
* 
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Lead is melted by a Heat eight 
times as great as the external Heat 
of a human Body ; Tin, by a Heat 
ſix times as great ; Wax, by a Heat 
twice as great; and Bones, with the 
Addition of a little Water, are diſ- 
ſolved in a Digeſter by Heat in a 
little Time. If the Heat of the 
Stomach be nearly equal to that of 
the Blood, it may be ſaffcient, when 
the Orifices of the Stomach are 
pretty exactly cloſed, to diſſolve the 
Food in a few Hours, and turn it 
into Chyle; eſpecially when it is 
aſſiſted by the Motion of the Sto- 
mach, which by agitating and mix- 
ing the Food will contribute to this 
End. For fince Heat can diflolve 
ſolid Bodies, and nothing ts found 
ina human Stomach, beſides a gentle 
Heat and Motion, which can diſ- 
ſolve the Food and turn it into 
Chyle; it will follow, that the Food 

| is 
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zs digeſted or diſſolved, and turned 
into Chyle, by a gentle Heat and 
Motion. 

The Chyle in moving through 
the Inteſtines is farther diſſolved 
by Heat and Motion : And the fineſt 

Part of this Fluid being conveyed 
into the Blood, is 11 farther 
changed by the ſame Cauſes, name- 
ly a gentle Heat and Motion, rill it 
puts on the Form of Blood, and, at 
laſt, becomes fit to nouriſh the Bo- 
dy, by being made like its ſolid and 
durable Parts, The Growth of the 
Chicken in the Shell out of the 
White of the Egg, is a ſtrong Proof 
of the Truth of this: For here is ma- 
nifeſtly nothing, beſides a gentle 
Heat and Motion, to change the 
White of the Egg, ſo as to con- 
vert it into Blood, and render it fit 


Nouriſhment for all the Parts of an 


* 

. 
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Cor. Hence Animals will not be 
rightly nouriſhed, when the Tex- 
ture of their Food is not rightly 
changed in their Bodies by Heat and 
Motion; which may be owing, ei- 
ther to an Unfitneſs in the Food for 
ſuch a Change, or to Degrees of 
Heat and Motion unfit to effect it. 


22338 8 8 4 6 28585 
PROPOSITION XXIX. 


HE conſtituem folid Parts of 
1 Animals, according to their ſe- 
veral Natures, are endued with pe- 
culiar attrattrve Powers of certain 
Magnitudes or Sirengths ; by which 
they draw out of the Fluids moving 
thro them hike Parts in certain Quan- 
titics, andthereby preſerve their Forms 
and juſt Magnitudes. 


For 
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For without attractive Powers 
agreeable to their Natures, the 
conſtituent ſolid Parts of Animals 
cannot draw like Particles out of the 
Fluids moving through them; and 
conſequently, cannot preſerve their 
Forms: And unleſs theſe Powers be 
of certain Strengths, they cannot 
draw thoſe Parts in ſuch Quantities 
as are proper to preſerve their Mag- 
nitudes: And therefore, the Propo- 
ſition is true. 


Cor. 1. Hence Bodies will not be 
rightly nouriſned by proper Food 
changed by juſt Degrees of Heat and 
Motion, when the attractive Powers 
of their ſolid Parts are changed, ei- 
ther in their Natures or in their Mag- 
nitudes. 


Cor. 2. Hence Animals of the 
ſame Species will grow faſter or 
flower, out of the ſame Nouriſh- 

my ment 
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ment rightly changed by Heat and 


Motion; as the attractive Powers 
of their ſolid Parts are ſtronger or 
weaker. And univerſally, their 
Growth in a given Time will be 
greater or leſs; as the attractive 
Powers of correſponding Parts are 
greater or leſs; or as the Fluids mo- 
ving thro' thoſe Parts abound more 
or leſs with ſimilar Particles, that is, 
with Particles rightly fitted to be at- 
traced by thoſe Powers. 


General SCHOLIUM. 


I have ſhewn that the Nouriſh- 
ment of Animals becomes more dry 
and earthy in their Bodies, and that 
this Change is effected by a gentle 
Heat and Motion. How a gentle 


Heat and Motion cauſe this Change 


in the Nouriſhment, may be under- 
ſtood from what Sir //aac Newton 
has delivered concerning the Na- 


ture of Salt. This great Man, find- 


ing 
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mg from Experiments and Obſer- 


vations, that Salts are dry Earth and 


watry Acid united by Attraction, 


and that the Farth will not become 
a Salt without ſo much Acid as 
makes it diſſolvable in Water, has 
given the following Account of the 
Formation of Particles of Salt. 


cc 
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As Gravity makes the Sea flow 
round the denſer and weightier 
Parts of the Globe of the Earth, 
ſo the Attraction may make the 
watry Acid flow round the den- 
ſer and compacter Particles of 
Earth for compoſing the Par- 
ticles of Salt. For otherwiſe the 
Acid would not do the Office of 
a Medium between the Earth and 
common Water, for making Salts 
diſſolvable in Water; nor would 
Salt of Tartar readily draw off 


the Acid from diſſolved Metals, 


nor Metals the Acid from Mer- 
curry, Now as in the great Globe 
N 
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of the Earth and Sea, the denſeſt 
Bodies by their Gravity ſink down 
in Water, and always endeavour 
to go towards the Center of the 
Globe; ſo in Particles of Salt, 
the denſeſt Matter may always 
endeavour to approach the Cen- 
ter of the Particle: So that a Par- 
ticle of Salt may be compared to 
a Chaos; being denſe, hard, dry, 
and earthy in the Center; and 
rare, ſoft, moiſt, and watry in 
the Circumference. And hence 
it ſeems to be that Salts are of a 
laſting Nature, being ſcarce de- 
ſtroy'd, unleſs by drawing away 
their watry Parts by Violence, or 
by letting them ſoak into the 
Pores of the Central Earth by a 


gentle Heat in Putrefaction, until 


the Earth be diſſolved by the Wa- 


ter, and ſeparated into ſmaller | 
Particles, which by 


reaſon of 
their Smallneſs make the rotten 


Com- 
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Compound appear of a black 
Colour, Hence alſo it may be 
that the Parts of Animals and 
Vegetables preſerve their ſeveral 
Forms, and aſſimilate their Nou- 
riſhment; the ſoft and moiſt 
Nouriſhment eaſily changing its 
Texture by a gentle Heat and 
Motion, till it becomes like the 
denſe, hard, dry, and durable 
Earth in the Center of each Par- 
ticle. But when the Nouriſh- 
ment grows unfit to be aſſimi- 
lated, or the Central Earth grows 
too feeble to aſſimilate it, the 
Motion ends in Confuſion, Pu- 
trefaction and Death.” Newt. 


Opt. p. 361, 362. 


Hence it appears, that to render 


the ſaline Part of the Aliment fit to 
nouriſh the ſolid Parts of Animals 
and Vegetables, part of the ſuper- 
ficial watry Acid muſt by Heat and 
Motion be drawn off from the Par- 


G g 2 ticles 
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ticles of Salt; by which they will 


become more denſe, hard, dry and 
earthy, like the ſolid and durable 
Parts of the Bodies. And, accord- 
ing to the different Degrees of Heat 
and Motion in the different Species 
of Animals and Vegetables, the 
watry Moiſture will be drawn off in 
different Proportions, ſo as in each 
Species to render the Particles like 
the ſolid Parts of the Bodies of that 
Species. _ 
And farther, if we conſider that 
Water is a very fluid taſtleſs Salt, 
and that Animals and Vegetables, 
with their ſeveral Parts, grow out 
of Water and watry Tin&tures and 
Salts; we may from what has been 
ſaid underſtand the Manner in which 
the Nouriſhment of Animals and 
Vegetables is changed by a gentle 
Heat and Motion, till it becomes 
like the ſolid and durable Parts of 
their reſpective Bodies. 
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f Of Secretion. 


PROPOSITION XXX, 
THE Glands in the Bodies of Ani- 


> mals, according to their ſeveral 
Natures and Diſpoſitions, are endued 
with pecubar attrafttrve Powers by 


which they ſuck in various Juices from 
the Blood. 


That the Glands of Animals have 
ſuch attractive Powers, I ſhall prove 
from Experiments and Obſervati- 
ons. 

* If two plane poliſhed Plates of 
** Glaſs (ſuppoſe two Pieces of a 
e poliſhed Looking-Glaſs) be laid 
* together, ſo that their Sides be 
8 and at a very ſmall Di- 

ance from one another, and 
** then their lower Edges be dipped 


ce into 
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Lond 


1 


into Water, the Water will riſe 
up between them. And the leſs 
the Diſtance of the Glaſſes is, the 
greater will be the Height to which 
the Water will riſe. If the Di- 
ſtance be about the hundredth 
part of an Inch, the Water will 
riſe to the Height of about an 
Inch; and if the Diſtance be 
greater or leſs in any Proportion, 
the Height will be reciprocally 
proportional to the Diſtance very 
nearly, The Weight of the 
Water drawn up being the ſame, 
whether the Diſtance between 


the Glaſſes be greater or leſs; the 


Force which raiſes the Water and 
ſuſpends it muſt be likewiſe the 
ſame, and ſuffer no Change by 
changing the Diſtance of the 
Glaſſes. And in like Manner, 
Water aſcends between two Mar- 
bles poliſhed plane, when their 
poliſhed Sides are parallel and at 
8 cc 4 


= 
A 


cc 
cc 
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a very little Diſtance from one 
another. And if flender Pipes 
of Glaſs be dipped at one End 
into ſtagnating Water, the Wa- 
ter will riſe up within the Pipe, 
and the Height to which it riſes 


will be reciprocally proportional 
to the Diameter of the Cavity of 


the Pipe,and will equal the Height 
to which it riſes between two 
Planes of Glaſs, if the Semidia- 
meter of the Cavity of the Pipe 
be equal to the Diſtance between 
the Planes, or thereabouts. And 
theſe Experiments ſucceed after 
the ſame Manner z vacuo as in 
the open Air, (as hath been try'd 
before the Royal Society,) and 
therefore are not influenced by 
the Weight or Preſſure of the At- 
moſphere.“ See Newt. Opt. 2 


366, 367. 


Now ſince the Riſe and Suſpen- 


ſion of Water between two Glaſs 


Planes 
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Planes and in ſmall Glaſs Pipes, are 
not owing to the Preſſure of the At- 
moſphere; they muſt be caſed by 
an attractive Power in the Glaſs, 
proportional to the Weight of Wa- 
ter ftained by it. Let H, h denote 
the Heights of the Column of Wa- 
ter ſuſtained between the two Glaſs 
Planes and of the Cylinder ſuſtained 
in a ſmall Glaſs Pipe; B, p the 
Breadth of the Column and Peri- 
phery of the Cylinder; and D, d 
the Thickneſs of the Column and 
Diameter of the Cylinder : And 
then the attractive Power which 


ſuſtains the Column will be as HBD, 


or as B, becauſe H is as 5; and the 


attractive Power which ſuſtains the 
Cylinder, will be as i, Or a5 K., 


- 1 
or as p, becauſe h is as 7 


Hence it appears, that the at- 
tractive Power which ſuſtains the 
Water 
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Water ariſes only from thoſe Parts 
of the Glaſs which are contiguous to 
the Surface of the elevated Water; 
or more truly, from the Parts of a 
narrow Surface of the Glaſs, whoſe 
lower Edge touches the Surface of 
the Water, and whoſe Height is the 
ſmall given Diſtance to which the 
attractive Power, with which Glaſs 
attracts Water, reaches; and there- 
fore, the attractive Powers of the 
Glaſs Planes and ſmall Glaſs Pipe 
will be as 2B and p. But the Pow- 
ers are as the Weights ſuſtained by 
them, that is, 2 B. p:: HBD. = 
WhenceHD will be equal to ; and, 
when D is equal to . H will be e- 


qual to h. 


This Power varies in one and the 
ſame Pipe, or becomes different when 
exerciſed on different Fluids. For 
one and the fame {mall Glaſs Pipe 


H h will 
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will ſuſtain different Weights of dif- 


ferent Fluids, as appears from this 


Table. 
| 
| | — 8 3 by 
Inches. 

Oil of Vitriol t. x | 17245] 18969 

14 Water p. 6. Sal Gem p. 4 1. 7310921 18893 
14 Water p. 6. Sal Gem p. 4 1. 7210642 18304 
| Water p. 8. Common Salt p. 1 1. 67] 10447 | 17446 
Water p. 6. Salt-perre p. F 1. 71] 10447 | 17864 

[Spirit of Vitriol 1. 63111860 19331 

German Spa-Water 1. 751101111 17694 

Common Water cold 1. 7510000 17500 

[Common Water boiling hot 1. 64| 9781] 16040 

{ Good Blood 1. 64| 10400] 17056 

Serum of good Blood 1. 65| 10300| 16995 

Serum in a Dropſy 1. 6510171 16782 

| Urine 1. 60] 10270 16432 

Saliva 1. 54 10100] 15554 

| Milk of a Cow 1. 4210279 14596 

Gall of an Ox 1. 2 10335 12402 

Small Beer 1. 4410111 14559 

14 Cyder 1. 3 10111 13144 
| Vinegar 1. 23| 10279 12643 
| Common Alc | 1. 2 | 10300] 12360 
Wh | Red Wine 1. 15| 9930] 11419 
| Punch 1. 12 10055] 11261 
Oil Olive 1. t4| 9130] 10408 

Oil of Turpentine o. 81| 9244] 7487 

Sal Volatile Oleoſum o. 84 8774] 7370 

Brandy : o. 75| 9320| 6990 

Spirit of Wine rectified o. 73 8324| 6076 

Spirit of Harts-horn I. 44 | 98021 14114 


ANIMAL OEconomy, 243 


In the firſt Column are the Names 
of the Fluids, in the ſecond the 
Heights to which they roſe in one 
and the ſame Glaſs Pipe, in the third 
the Denſities of the Fluids, and in 
the fourth the Weights ſuſtained by 
the ſame Pipe. I obtained the 
Weights by multiplying the Heights 
into the Denſities, For the Weights 
of Cylinders are as their Magnitudes 
and Denſities taken together, or as 
their Heights and Denſities taken 
together if their Baſes be equal: 
But the Baſes of all the Cylinders 
of different Fluids ſuſtained by one 
and the ſame Pipe are equal: And 
therefore, the Weights of ſuch Cy- 
linders are as their Heights and 
Denſities taken together. 

Hence it appears, that one and 
the ſame Glaſs Pipe attracts different 
Fluids with different Degrees of 
Force. It attracts Spirit of Vitriol 
more ſtrongly than Oil of Vitriol, 

Hh 2 Oil 
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Oil of Vitriol more ſtrongly than 
Water impregnated with Salt, Water 
impregn ated with Sal Gem and Nitre 
more ſtrongly than common Water 
cold, common Water cold more 
ſtrongly than the Animal Fluids and 
common Water made boiling hot, 
the Animal Fluids more ſtrongly 
than fermented Liquors, fermented 
Liquors more ſtrongly than Oils, 
and Oils more ſtrongly than ardent 
Spirits. . | 

So then, if equal Quantities of 


all the Fluids of this Table were 


mixed together, the ſame Glaſs Pipe 
would fuck in different Parts of this 
heterogeneous Fluid in different 


Proportions, It would fuck in 


more Parts of Water impregnated 
with Salt than of Oil or ardent Spi- 
rits. The Parts leaſt attracted 
would be driven off, to make way 
for thoſe which are moſt attracted 
to enter into the Pipe; as in a Fluid 
©» , where 


ANIMAL OEconomy. 245 


where the Force of Gravity alone 
takes place, the lighter Bodies are 
forced to aſcend, to make way for 
the Deſcent of Bodies which are 
heavier, e 
Sir Jſaac Newton has proved from 
Experiments, that the Particles of 
Light attract ardent Spirits and Oil 
more ſtrongly than Water: And by 
Conſequence, if we ſuppoſe a ſmall 
Pipe to be formed out of Particles 
whoſe attracting Powers are the 
{ame with thoſe of the Particles of 
Light, and one End of it to be 
dipped into a heterogeneous Fluid 
compoled of equal Quantities of 
all the Fluids of this Table intimate- 
iy mixed together; ſuch a Pipe 
would attract the Parts of Oil and 
ardent Spirits more ſtrongly than 
thoſe of Water, and ſuck in more 
Parts of the two former than of the 
latter. The Fluid therefore drawn 
out of the heterogeneous Fluid oy 
; this 
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this Pipe, would be different from 
the Fluid drawn out of it by a ſmall 
Glaſs Pipe; for two Fluids will be 
different, when they either conſiſt 
of different Parts, or of the ſame 
Parts mixed in different Proportions, 

Now fince Pipes of different Na- 
tures draw off different Fluids from 
one and the ſame heterogeneous 
Fluid; it follows, that the ſecerning 
Pipes of the Glands, according to 
their different Natures and Diſpoſi- 
tions, ſuck in various Juices from 
the Blood, which is a heterogeneous 
Fluid conſiſting of a great Variety 
of Parts. And conſequently, the 
Propoſition is true. 


* 


PRO POSITION XXXI. 


F Human Bodies have the ſame 
Number of correſpouding Glands, 


if 
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if thoſe Glands have the ſame Num- 
ber of correſponding ſecernmg Pipes 
ariſing out of correſponding Blood- 
Veſſels, if the Lengths of correſpond- 
ing Pipes be as the Lengths of the Bo- 
dies, if the Bodies be ſituated alike 
with reſpect to the Horizon, their 
Hearts be alike free from the Influ- 
ences of aifturbing Cauſes, and their 
Blood ahke ſaturated with Parts fit 
for Secretion; the Quantities of Hu- 
mour diſcharged by correſponding 
Glands in a given Time, will be in 
Ratios compounded, of the ſeſquiph- 
cate Ratios of -the Diameters of cor- 
reſponding Blood-Veſſels, and of the 
ſubduphcate Ratios of the Forces which 
move the ſecerned Humours through 


correſponding ſecerning Pipes, direct- 


the Lengths of the Bodies, inverſly. 
If Z, 2 denote the OQuantities diſchar- 
ged by tuo correſponding Glands in a 
given Time; F, f the Forces which 


mMoödbe 


ty; and of the ſubduplicate Ratios of 
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move the Humonrs through two cor- 
reſponding ſecerning Pipes; D, d the 


Diameters of two correſponding Blood. 
Veſſels ; and L, I the Lengths of the 


Bodies; T ſay, that Z.z::D . 


For, allowing the Suppoſitions 
made in this Propoſition to be true, 
it is evident, that the Quantities of 
Humour diſcharged by correſpond- 
ing Glands in a given Time, will 
be as the Quantities diſcharged by 
any of their correſponding 2 
ing Pipes in that Time: But the 
Quantities diſcharged by corre- 
ſponding ſecerning Pipes in a given 
Time, vill be as the Squares of their 
Diameters, and as the Velocities of 
the Humour flowing through them, 
taken together; or as the Squares of 
the Diameters of the Blood-Veſſels 


out of which the Pipes ariſe, _ 
c 
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the Velocities of the Humour flow- 
ing through the Pipes, taken toge- 
ther; becauſe the Diameters of the 
Pipes are as the Diameters of the 
Blood-Veſſels out of which they 
ariſe; and the Velocities of the Hu- 
mour flowing through correſpond- 
ing Pipes, will by 1 1. be in 
Ratios compounded of the direct 
ſubduplicate Ratios of the Forces 
which move the Humour through 
them; and of the inverſe ſubdupli- 
cate Ratios, of the Diameters and 
Lengths of the Pipes, or of the 
Diameters of 1 Blood 
Veſſels and Lengths of the Bodies: 
And therefore, the Quantities of 
Humour diſcharged by correſpond- 
ing Glands in a given Time, vill be 
in Ratios compounded of the du- 
plicate Ratios of the Diameters of 
correſponding Blood-Veſſels and of 
the ſubduplicate Ratios of the Forces 
which move the Humour thro' cor- 


I 1 reſponds 
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reſponding ſecerning Pipes, direct- 
ly; and of the ſubduplicate Ratios 
of the Diameters of correſponding 
Blood-Veſſels and of the Lengths 


of the Bodies, inverſly ; that is, 

| 2 F 2 f 2 

Z. Z:: D PI- d „Ji. But D 57 
3 DF d f 

d* „AI:: DVT.. dy And there- 


DF df 
fore, Z.z::D vT. dvr. 


Cor. x. If this Propoſition be true, 
and if the moving Forces of corre- 
{ſponding ſecerning Pipes be as their 
Diameters, or as the Diameters of 
correſponding Blood-Veſſels; the 
Quantities of Humour diſcharged 
by correſponding Glands in a given 


Time, will be in Ratios compound- 


ed of the duplicate Ratios of the 
Diameters of correſponding Blood- 
Veſſels directly, and of the ſubdu- 
plicate Ratios of the Lengths of the 
Bodies inverſly, And the mean 


Quan- 
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Quantities of Humour 2288 in 
a given Time, will be in the ſubdu- 
plicate Ratios of the Lengths of the 
Bodies. If F. f:: D. d; then will 
Et: 5. 71 And ſince by Cor. 
4. Prop. 12. the mean Diameters 
of correſponding Blood-Veſſels of 
Bodies of different Lengths, are in 
the ſubduplicate Ratios of the 
Lengths of the Bodies; if D, d de- 
note the mean Diameters of cor- 
reſponding Blood-Veſſels of Bodies 
of different Lengths, and Z, z the 
mean Quantities of Humour diſ- 
charged by correſponding Glands 
in a given Time; then Z. z:: VL. 
I. 


Cor. 2. If this Propoſition be true, 
and if the moving Forces of corre- 
ſponding ſecerning Pipes be as the 
internal Surfaces of the Pipes, that 
is, as their Diameters and Lengths 

1i 2 taken 
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taken gas; or as the Diameters 
of correſponding Blood-Veſſels and 
Lengths of the Bodies taken toge- 
ther ; the Quantities diſcharged by 
correſponding Glands in a given 
Time, will be in the duplicate Ra- 
tios of the Diameters of correſpond- 
ing Blood-Veſſels. And the mean 
Quantities diſcharged by corre- 
ſponding Glands in a given Time 


will be as the Lengths of the Bodies, 
If F. f:: DL. dl; then will Z. z:: 
D*, d'. And, ſuppoſing D, d, Z, 2 


to denote mean Diameters of corre- 


3 


Cor. 3. If this Propoſition be true, 


and if the moving Forces of cor- 
reſponding ſecerning Pipes be as the 
Capacities of the Pipes, or as the 

88 
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Capacities of correſponding Blood- 
Veſſels; the Quantities of Humour 
diſcharged by correſponding Glands 
in a given Time, will be in Ratios 
compounded of the duplicate and 
ſubduplicate Ratios of the Diame- 
ters of correſponding Blood-V eflels, 
And the mean Quantities of Hu- 
 mour diſcharged by correſponding 

Glands in a given Time, will be in 
Ratios compounded of. the ſimple 
and ſubquadruplicate Ratios of the 
Lengths of the Bodies. If F. f:: 
D*L. d'; then will Z. z:: D* vD. 
d- /d. And ſuppoſing D, d, Z, 2 to 
denote mean Diameters of corre- 
ſponding Blood-Veſſels of Bodies 
of different Lengths, and mean 
Quantities of Humour diſcharged 
by correſponding Glands in a given 
Time; then, ſince the mean Diame- 
ters of correſponding Blood- Veſ- 
ſels of Bodies of different Lengths 
are in the ſubduplicate Ratios of 


the 
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the Lengths of the Bodies, Z. it; 
LxL#. IF. 


Cor. 4. If this Propoſition be true, 
and if the moving Forces of corre- 
ſponding ſecerning Pipes be as the 
Capacities of the Pipes, or as the 
Capacities of correſponding Blood- 
Veſſels; the Sums of the Quanti- 
ties diſcharged by all the correſpond- 
ing Glands, or any given Number of 
them, in a given Time, will be in 
Ratios compounded of the dupli- 
cate and ſubduplicate Ratios of the 
Diameters of correſponding Blood- 
Veſſels: For, ſince the Diſcharges 
of any two correſponding Glands 
are in theſe Ratios; the Sum of the 
Diſcharges of all the Glands, or of 
any given Number of correſpond- 
ing Glands, will be in the ſame Ra- 
tios. If S, s denote thoſe Sums, then 
S. s:: D' VD. d' /d. And if 8, s, D, d 
denote the mean Sums of the Diſ- 

| charges 
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charges in a r Time and mean 
Diameters of correſponding Blood- 
Veſſels of Bodies of different 
Lengths, each Mean being taken 
from a conſiderable Number of Bo- 
dies of the ſame Length; then, 
ſince the mean Diameters of corre- 
ſponding Blood-Veſſels are in the 
ubduplicate Ratios of the Lengths 


of the Bodies, S. s:: LX Li. IXI. 
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EFFECT 
Of the Diſcharges of Human Bodies, 
Err phi roo portlet Fg 


PROPOSITION XXXII. 


T HE Mean Quantities of Food 
and Diſcharges m a natural 
Day, taken from all the Food and 
Diſcharges of a Month, are nearly 
equal in healthful Bodbes. 


For I have found by ſtatical Ex- 
periments, that tho' the Food and 
Diſcharges of healthful Bodies be 
rarely equal in ſingle Days; yet the 
mean Quantities in a natural Day, 
taken from all the Food and Diſ- 
charges of a Month, are always 
nearly equal. And therefore, the 
Propoſition is true. 


Cor. 
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Cor. 1. If N, n denote the mean 
Quantities of Food in a natural 
Day of two healthful Bodies, taken 
from their whole Quantities of Food 
in a Month; andP, U,S; p, u, s, 
the mean Quantities of their Per- 
ſpiration, Urine, and Stool, taken 
n the whole Quantities of thoſe 


Diſcharges in a Month; then by 


this Propoſition, N is nearly equal 
to P+U+S, and n nearly equal to 
puts. 


Cor. 2. If a healthful Body at all 
Seaſons of the Year take daily the 
ſame Quantity of Food in every 
Month, taking one Day of the 
Month with another ; the daily Sum 
of the Diſcharges in every Month, 
taking one Day of the Month with 
another, will be likewile nearly the 
ſame at all Seaſons of the Year. 

go K k And 
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| And therefore, if either Perſpira- 
tion, Urine, or Stool be greater in 
ſome Months of the Year than in 
others; the Sum of the other two 


[10 will be as much leſs : Otherwiſe the 
1 sum of the three could not be 
[|] given. | 

| — 

| The Truth of theſe two Corolla- 
| ries will farther appear from the fol- 


lowing Table. 


Months 
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This Table was made from a 
Courle of Statical Experiments. The 
natural Day was divided into three 
Parts, Morning, Afternoon, and 
Night; the Morning contain'd fix 
Hours from. eight to two, the After- 
noon {ix Hours from two to eight, 
and the Night the remaining twelve 
Hours. I obſerved the Food and the 
Diſcharges in theſe three Parts of 
the Day, every Day for eight Months 
together ; and with the Means ta- 
ken from all the Food and all the 
Diſcharges in the ſeveral Months, 
I compoſed the Table: From which 

it appears, 
F:r/t, That Perſpiration and U- 
rine vary in their Quantities at dif- 
ferent Seaſons of the Year, and that 
as one encreaſcs the other leſſens. 
In April and May they were nearly 
equal, only Urine exceeded Perſpi- 
ration a little in April, and was ex- 
ceeded by it a little in May. 4 
| the 
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the three Summer Months, June, 
July, and Auguſt, taken one with 
another, Perſpiration exceeded U- 
rine in the Proportion of about 5 
to 3. In Oftober and November they 
were nearly equal again, only U- 
rine exceeded Perſpiration a little 
in November. At the End of this 
Month I was interrupted, and hin- 
dered from carrying on the Expe- 
riments throughout the whole Year, 
as I at firſt intended; but I repeat- 
ed them for about ten Days in cold 
froſty Weather, and found that U- 
rine then exceeded Perſpiration as 
much as Perſpiration exceeded U- 
rine in Summer. 

Secondly, That Stool is but a ſmall 
Diſcharge when compared with Per- 
ſpiration and Urine, and is but little 
influenced by the Seaſons of the Year 
in healthful Bodies. It was a little 
larger in May than in the other 
Months, from a gentle Dzarrhea, for 


about 
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about twenty Days in that Month. 
And it was a little leſs in Ofober 
and November, from the Quantity 
of Food being leſs in thoſe Months 
than in the others, 

Thirdly, That the daily Food and 


daily Diſcharges taken from all the 


Food and all the Diſcharges of a 
Month, are nearly equal at all Sea- 
ſons of the Year in healthful Bo- 
dies, only the Diſcharges fall a little 
ſhort of the Food in Autumn, and 
exceed it a little in the Spring. The 
Difference between the Food and 
Diſcharges at theſe Seaſons, ariſes 
from Perſpiration being more dimi- 
niſhed in Autumn by the Cold of 
the external Air, than Urine is in- 
creaſed; and more increaſed in the 
Spring by the Warmth of the Air, 
than Urine is diminiſhed. Urine 
takes up ſome Time at theſe Seaſons 
to have its Increaſe and Diminution 
made equal to the Diminution and 
Increaſe 
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Increaſe of Perſpiration. And hence 
it is that Bodies grow heavier in Au- 
tumn and lighter in the Spring; and 
by Conſequence, that they are a 
little heavier in Winter than they 
are in Summer. The Change of 
Weight in Spring and Autumn is 
not great in healthful Bodies, and 
probably does not exceed above 
three or four Pounds; for I have 
known an Increaſe of five or fix 
Pounds to have cauſed a Diſeaſe in 
the latter End of Autumn: But an 
Increaſe of four Pounds in two 
Months is at the Rate of about an 
Ounce only in a Day: And the 
ſame Increaſe in three Months is at 
the Rate of only about two third 
parts of an Ounce in a Day, taking 
one Day with another. 

A Change is continually made in 
the Weight of a growing Body; but 
if we conſider the Quantity and 
Time of its Growth, we ſhall find 


It's 
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its Food and 2 in a natural 


Day to be very nearly equal. For 
if a Child newly born weighs 12 
Pounds, and in twenty Years (which 
I ſhall ſuppoſe to be the Time of 
growing) come to weigh 168 
Pounds; the Food will exceed the 
Diſcharges in a natural Day, taking 
one Day of the whole Time of its 
Growth with another, by ſome- 
thing more than the third part of 
an Ounce. *Tis true a healthful 
Child from its feeding plentifully, 
ſleeping much, and wanting Exer- 
ciſe, grows much more the firſt 
half Year than it does afterwards in 


the ſame Compals of Time; and 


yet even then there is bur little 
Difference between the Food and 
Diſcharges in a natural Day, taking 


one Day with another. For if its 


Weight when ir is born be doubled 
in the fi {t half Year, the Food will 


exceed the Diſcharges by little more 


than 


FL. Pl o 
— 4 - ew 2 
— 57 


ANIMAL OECONOMY. 165 


than an Ounce in a Day, taking one 
Day with another. Therefore the 
Food and Diſcharges in a natural 
Day, taking one Day with ano- 
ther, are nearly equal in growing 
Bodies. 

And we may likewiſe obſerve a 
great Change to be frequently made 
in the Weights of grown Bodies in 
the Compals of a few Years; but 
if we conſider the Quantity of the 
Change, and the Time in which it 
is made; we ſhall find little Diffe- 
rence between the Food and Diſ- 
charges in a natural Day, taking 
one Day of that Time with ano- 
ther. For if a grown Body gain 
in Weight 5o Pounds in five Years 
Time, the Food will not exceed 
the Diſcharges by half an Ounce in 
a natural Day, taking one Day of 
that whole Time with another. 
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ee 


PROPBOSITION XXXIII. 


Sg Uppoſing the ſame Things as are 


ſuppoſed m the 3 iſt Propoſition 


and its 3d Corollary ; and that the 


Duantittes diſtharged by Stool in 4 
natural Day, taken from the whole 
Duantities of that Diſcharge in a 
Month are in the ſame Proportion 


as the daily Diſcharges of other cor- 


reſponding Glands taken from their 
whole Diſcharges in a Month; the 
Sum of the Diſcharges by Perſpira- 
tion, Urine, and Stool in a natural 
Day, taken from their whole Quan- 
tities in a Month, will in healthful 
Bodies of different Lengths be in Ra- 
tios compounded of the duplicate and 
ſubduphcate Rats of the Diameters 
of correſponding Blood- Veſſels, that 
4 P+HU+S. p+uts::D*vD. df yd. 

I For 
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For the Sums of Perſpiration and 
Urine in a natural Day, taken from 
their whole Quantities diſcharged in 
a Month, are in that Proportion by 
the 4th Corollary of the 3 1½ Propoſi- 
tion: And the Quantities diſcharged 
by Stool in a natural Day, taken 
from the whole Quantities of that 
Diſcharge in a Month, are by Sup- 
poſition as the daily Diſcharges of 
other correſponding Glands taken 
from their whole Diſcharges in a 
Month: And therefore, the Sums of 
the three Diſcharges in a natural 
Day, taken from the wholes of their 
reſpective Quantities in a Month, 
will be in the ſame Proportion, that 
is, P+U4S. p+u+s::D* vD. d* yd. 


reſponding Blood-Veſſels be in the 
ſubduplicate Ratios of the Lengths 
of the Bodies; the Sums of the Quan- | 
tities of Perſpiration, Urine, and Y 

1 Stool | 


Cor. 1, If the Diameters of cor- | 
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Stool diſcharged daily by healthful 
Bodies of different Lengths, when 
each Quantity is taken from the 
whole of that Diſcharge for a Month, 
will be in Ratios compounded of the 
{imple and ſubquadruplicate Ratios 
of the Lengths of the Bodies, If D. 
d:: VL. /I, then will PHU+8, p+u+s:: 


L+L*. HF. 


If this Propoſition obtains in 
healthful Bodies; this Coro/lary will 
alſo obtain, when the Diameters of 
correſponding Blood-Veſſels are in 
the ſubduplicate Ratios of the 
Lengths of the Bodies. They are 
in this Proportion in perfectly re- 
gular and well- proportioned Bodies, 
when they are ſituated alike with re- 
ſpe& to the Horizon, and their 
Hearts are free from the Influences 
of all diſturbing Cauſes; and the 
mean Diameters of correſponding 
Blood-Veflels of all healthful 2 

Bog IES 
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dies of different Lengths, when each 
Mean is taken from the Diameters 
of thoſe Veſſels in a conſiderable 
Number of Bodies of each Length, 
are likewiſe in the ſame Proportion: 
And therefore, the mean Sums of 
the Quantities of the Diſcharges in 
a natural Day of healthful Bodies 
of different Lengths, when the 
Quantity of each Diſcharge is 
taken from its whole Quantity in 
a Month, will be in Ratios com- 
pounded of the ſimple and ſubqua- 
druplicate Ratios of the Lengths of 
the Bodies : But thoſe Sums of the 
Diſcharges are equal to the mean 
Quantities of Food in a natural 
Day, taken from the whole Quan- 
tities of Food in a Month, by Cor. 


1. Prop, 32: And by Conſequence, 


the mean Quantities of Food in a 


natural Day of healthful Bodies of 


two different Lengths, will be in 
Ratios compounded of the ſimple 
| and 
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and ſubquadruplicateRatios of thoſe 
Lengths. This Proportion obtains 
nearly in the Royal and Blew-Boys 
Hoſpinal. For upon inquiring into 
their Food I found, that taking one 
Day of the Week, and conſequent- 
ly one Day of the Month, with 
another, the Quantities of Food 
taken daily by Bodies whoſe Lengths 
are 69 and 54 Inches, are 109 and 
855: Averdupors Ounces : But theſe 
Quantities of Food are nearly in 
Ratios compounded of the ſimple 
and ſubquadruplicate Ratios of the 
Lengths of the Bodies; only the 
Food of the Boys compared with 
that of the Men, is greater than in 
this Proportion by about 57 Ounces 
in a Day; which may be owing to 
the Food of the Boys being ſome- 
thing more liquid than the Food of 
the Men, and to their uſing more 
Exerciſe, In the Food of the Boys, 


the liquid part is to the ſolid part a 


little 
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"x little more than 3 to 1; and in that 
FT of the Men a little more than 2 = 
to 1. 


—— 


| The Len Whole Quan- 
Lengths of | into the > tities of Food 
the Bodies in| drate Roots of or Diſcharges 


— 


This Table in its third Column 
contains the mean Quantities of 
Food, or mean Quantities of the 
Diſcharges, 
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Diſcharges, in a natural Day, of 
healthful Bodies of the D ſet 
down in the firſt Column. I com- 
puted it by the ſecond Column, 
which contains the Products of the 
Lengths and biquadrate Roots of 
the Lengths of the Bodies, taking 
109 Averdupors Ounces as a proper 
Quantity of Food for well-propor- 
tioned Bodies 69 Inches in Height, 
on Suppoſition that the liquid part 
of the Food to the ſolid is in the 
Proportion above-mentioned. The 
Food of very young Children, as 


being wholly liquid, ſhould be 


more than is aſhgned them by this 
Table; but what the exact Quan- 
tity is I know not for want of Ex- 


periments. 


Cor. 2. If this Propoſition be true, 
as it appears to be by the laſt Co- 
rollary ; the Sums of the Diſcharges 
by Perſpiration, Urine, and Stool, 

in 
| 
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in a naturat Day, taken from their 
whole Quantities in a Month, will 
in Bodies of equal Lengths be in 
Ratios compounded of the ſimple 
and ſubquadruplicate Ratios of their 
Quantities of Blood. For the Squares 
of the Diameters of correſponding 
Blood-Veflels are as the Quanti- 
ties of Blood in Bodies of equal 
Lengths, that is, D'. d*:: Q. q; and 
the Square-Roots of the fame Dia- 
meters, are as the biquadrate Roots 
of the Quantities, that is, D. „d:: 


Q. q* : And therefore, P+U+S. 
p+u+s :: QQ. qxq*. 


For Inſtance, if the Quantities of 


Blood in two healthful Bodies of the 
ſame Length be as 3 to 2, then 
P+U+S. p+u+s:: 19741. 11892. 
If the Length of the Bodies be fix 
Feet, and the Quantity of Food in 
a Day of that Body which has the 

M m greater 
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greater Quantity of Blood be 116 
Ounces; the Quantity of Food in 
a Day of the other Body will be 
about 70 Ounces, 


PROPOSTTION XX XIV. Problem V. 


Perſpiration to Urine, at diffe- 
rent Seaſons of the Tear, at different 
Times of the natural Day, under 
different Kinds and Degrees of Ex- 
erciſe, in Bodies of different Apes, 
and Bodies nouriſhed by different 
Kinds of Food. 


I. Perſpiration with reſpe& to 
Urine is greater in Summer than 
in Winter. It was near three times 
as great in the Body from which 
the Table in p. 259 was made, and 
it is generally greater, tho* not 0 

the 


O determine the Proportion of 


3 TY „ Ya 


" a. | mr AST ng.” 
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the ſame Proportion, in healthful 
Bodies. A warm Air warms the 
Skin and increaſes Perſpiration, and 
a cold Air cools the Skin and leſſens 
Perſpiration ; but as Perſpiration in- 
creaſes or leflens, Urine on the con- 
trary leflens or increaſes by that 
Table. The Proportion of Per- 
ſpiration to Urine is regulated by 
he Heat of the Skin; and as far as 
the Heat of the Skin is increaſed 
or leflened by the Heat or Cold of 
the external Air, the Proportion of 
Perſpiration to Urine will be in- 
creaſed or leſſened by the Heat or 
Cold of the external Air. Accord- 
ingly, I haveobſerv'd Perſpiration to 
have been only equal to, nay ſome- 
times to have fallen ſhort of, Urine 
in the Summer- Time, in Bodies 
which have been little expoſed to 

| the Heat and Cold of the external 
Air. And as far as I can judge 
from the Obſervations I have made, 
M m 2 this 
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this chiefly happens in Bodies whoſe 
Skins are naturally cool by a ſpare 
Diet, or a languid Motion of the 
Blood, or both. 


II. From the Table p. 259 it 
appears, that Urine is always great- 
er in the Afternoon than in the 
Morning ; that Perſpiration during 
the warm Seaſon is leſs in the Atter- 
noon than in the Morning, and that 
both are greater in the Day than in 
the Night. But as the Man from 
whom that Table was made, walked 
ſome Hours every Day, and gene- 
rally more in the Morning than in 
the Afternoon ; we cannot from that 
Table determine theſe Diſcharges, 
or their Proportions to one another, 


at different Times of the Day, in 


Bodies which are at Reſt. To ob- 
tain theſe nearly, I took the Quanti- 
ties of Perſpiration and Urine diſ- 
charged by two healthful New 7 
an 


WA 5 x 


n of ID 2 


y * 8 
— 1 a i 2 3 * ® un, 
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and D, in the ſeyeral Hours of the 
Day for four Days together in very 
hot Weather, and with the mean 
Quantities of the Diſcharges in 
thoſe Hours, compoſed the . 
ing Table. 


Perſpi-- Perſpi- | 
Hours, | ration. | Urine. | ration. | Urine. 
6 | IF | a4 | 2 I 
7 | 23F--| 3 8 hy 
8 2 1 12 I; 
9 | > | 1; | I; | 15s 
10 2 12 175 1 
: | 
2 %% „„ 
F 05.4 #94. 3 
x | 27 | 14 | x4 | £ 
2 2 I 14 1 
g 
4 . — 1+ 413 
6 27 2 4 
8 24 25 2 T 
9 25 I; 12 Iz 
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B took 86 Onnces of Food in a Day, 
and D only 63: They both eat their 
Breakfaſt at eight a Clock in the 
Morning, dined at two, and ſupped 
at eight at Night. It is to be ob- 
ſerved, that the Numbers corre- 
{ſponding to the Hour 6 in the Mor- 
nin 55 are the mean Quantities of 
Perſpiration and Urine which were 
drawn off from the Blood in every 
Hour of the Night, taking one 
Hour with another. 
Betting aſide Exerciſe, and ſuppo- 
ſing the natural Day to be divided 
into three equal Parts, Morning, 
Afternoon, and Night, and the Mor- 
ning to begin at ſix a Clock; the 
Quantities perſpired by B and D in 
the Morning, Afternoon, and Night, 
were nearly by this Table, 16, 20, 
15, and 13, 14, 16; and the Quan- 
tities of Urine made by theſe Bodies 
in the ſame Times, were nearly 9, 
15, 725 and 8, 82, 9. The Proporti- 
ons 
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5 by 
8 
55 
- * 
4 

* 
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ons of Perſpiration to Urine in theſe 
Times, were 177, 133, 200, in B; 
and 162, 164, 177, in DO. Hence 
we learn, that the Proportion of 
Perſpiration to Urine, is greater in 
the Night when Bodies are at Reſt 
than in the Day- time; that there is 
no great Difference in this Propor- 
tion in theſe Times, in Bodies which 
eat ſparingly and drink but little 
Wine, which as the Caſe of D; 
and that in Bodies which eat plenti- 
fully and drink Wine, this Propor- 
tion is often leſs in the Afternoon 
than in the Morning, which was 
the Caſe of B. Wine in moſt Bo- 
dies increaſes the Diſcharge by U- 
rine; and as that Diſcharge increa- 
ſes, the Proportion of Perſpiration 
to it will neceſſarily leſſen; unleſs 
Perſpiration be increaſed in the ſame 
Proportion as Urine is increaſed, 
which I believe very ſeldom hap- 
| pens. Hence we may judge of the 
: Pro- 
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Proportion of Perſpiration to Urine 
at different Times of the natural 
Day, in Bodies which are at Reſt ; 
and at the ſame time ſee, that not- 
withſtanding the Inequalities of this 
Proportion in different Parts of the 
natural Day, the Proportion of Per- 
ſpiration to Urine in the whole na- 
tural Day, is nearly the ſame at the 
ſame Seaſon of the Vear in health- 
ful Bodies; it was nearly 162 in B, 


and 168 in D. 


III. The Proportion of Perſpi- 
ration to Urine, is increaſed by all 
thoſe Exerciſes which increaſe the 
Motion of the Blood and warm the 
Skin. Two Men of nearly the ſame 
Height and Weight walked a Mile 
in half an Hour, and in that Time 
each perſpired about 3 Ounces, 
which was about three times as much 
as they ordinarily perſpired in the 


{ame Time in the Heat of Summer 


with- 
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without Exerciſe. This Degree of 
Exerciſe gave a glowing Warmth 
to the Skin; it did not make them 
ſweat, but would have cauſed a gen- 
tle breathing Sweat, had it been 
continued much longer. The fame 
Men walked above two Miles in half 
an Hour, and in that Time one per- 
ſpired nine Ounces, and the other 
eight, which was about eight times 
as much as they ordinarily perſpired 
in the ſame Time in the Heat of 
Summer without Exerciſe. This 
Degree of Exerciſe made them ſweat 
profuſely. A third Man, who was 
fat and much taller than either of 
the others, walked two Miles in 
half an Hour, and in that Time 

erſpired thirteen Ounces and a 

alf, which was about nine times 
as much as his Summer's Perſpira- 
tion in the ſame Time — ol 
Exerciſe. And a Boy ſeven Years 
old, who without Exerciſe perſpired 


N n half 
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half an Ounce in half an Hour in 
the Heat of Summer, by walking at 
ſuch a Rate as gaveagentle Warmth 
to his Skin, but did not make him 
ſweat, perſpired about three times 
as much in the ſame Time. At the 
Beginning of the Exerciſe of Walk- 
ing I have obſerved, that Urine has 
been increaſed as well as Perſpira- 
tion; but on continuing the Exer- 
ciſe, Urine in a very little Time 
has decreaſed, and grown leſs than 
it was before the Exerciſe, from the 
large Diſcharge which was made 
by the Skin. If we ſuppoſe the 
Quantity of Urine not to be leſſen- 
ed by Exerciſe, as it may not in 
Perſons who by Drink ſupply the 
Loſs which is made by Rs e 


then will the Proportion of Perſpi- 

ration to Urine be 6 to x, in Perſons 
who walk at ſuch a Rate as to give 

a glowing Warmth to their Skins 

but not to cauſe Sweat, and 16 tor 
M8 


| 
* 
1 
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in Perſons who walk at ſuch a Rate 
þ+ as to ſweat profuſely, on Suppoſi- 
K tion that the Proportion of Perſpi- 
ration to Urine is 2 to 1 in the Heat 
of Summer. The Exerciſe of Ri- 
ding increaſes Perſpiration, but nei- 
ther ſo ſuddenly, or in ſo great a De- 
gree, as the Exerciſe of Walking, 
as appears from the following In- 
ſtance. A healthful Man upwards 
of ninety Years of Age, who com- 
monly without Exerciſe diſcharged 
four or five times as much by Urine 
as he did by Perſpiration, obſerved 
that in the Night, after riding ſe- 
veral Hours the Day before, he al- 
ways * cape as much as he diſ- 
charged by Urine. In this Caſe 
therefore, Perſpiration to Urine was 
increaſed by Riding in the Propor- 
tion of 4 or 5 to 1. 


ATESE 


IV. The Proportion of Perſpi- 
ration to Urine in Bodies of diffe- 
Nnz2 rent 
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rent Ages will be greater or leſs, as 
the external Heat of the Body is 
greater or leſs: But the external 
Heat of the Body is leſs in old Bo- 
dies than in others: And therefore, 
the Proportion of Perſpiration to 
Urine will be leſs in old Bodies 
than in others. In the old Man 
above- mentioned, this Proportion 
was leſs than in Bodies in the Vi- 
gour of their Age in the Heat of 
Summer, in the Proportion of 1 to 
. 


V. The Proportion of Perſpira- 
tion to Urine in Bodies nouriſhed 
by different Kinds of Meats and 
Drinks will be greater or leſs, as 
thoſe Meats and Drinks are fitted 
to warm or cool the Skin by v/arm- 
ing or — the Blood, and in- 
creaſing or leſſening its Motion. As 
to Drinks, Water and waicy Liquors 
drunk hot warm the Skin and in- 

creaſe 
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creaſe Perſpirationz and drunk cold 
cool the Skin, and increaſe Urine. 
Three or four Quarts of Chaly- 
beate Waters will paſs off by Urine 
in many Bodies in leſs than three 
Hours Time. Wine and other fer- 
mented Liquors drunk cold and in 
large Quantities frequently paſs off 
very quick by Urine, but not alto- 
gether ſo quick as cold Water; and 
drunk hot they increaſe Perſpira- 
tion. Water impregnated with Nitre 
is colder and more diuretick than 


plain Water. As to Meats, thoſe 


which are dry and warming increaſe 
Perſpiration; and thoſe which are 
moiſt and cooling increaſe Urine. 
Ripe Apples increaſe Perſpiration, 
as appears from the following In- 
ſtance, The old Man above-men- 


tioned, whoſe Perſpiration in thg 
eighty-ſixth Year of his Age was 
not above ⁊th part of his Urine, by 
eating three quarters of a Pound of 
: mellow 


—— — — — —— — 
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mellow Apples at Night with Bread, 


brought his Perſpiration to be near- 
; bay rw to his Urine, leſs only in 

Proportion of 13 to 16. That 
this Change in Perſpiration was 
owing to the Apples, appeared from 
hence, that on leaving them off, 
his Perſpiration grew leſs, and re- 
turned to what it was before he be- 
gan to eat them. 


From theſe Inſtances it appears, 
that the Proportion of Perſpiration 
to Urine, is increaſed or leſſened by 
Meats and Drinks, as they increaſe 
or leſſen the Heat and Motion of 
the Blood. 


SSS SSA SDA SD 
SECTION IV. 


DEDEDFEDPEEDEPEPEP 


Of the Effefts of various Fluids, of 
Age, of different Rinde of Wea- 
ther, and of Exerciſe, on animal 
Fibres, | 


— 0950 0I56 03500050 0750 
PROPOSITION XXXV. 
Fan animal Fibre be extended by 


a Force acting uniformly upon it, 
zts Strength will be directly as that 
Force, and moerſly as the Extenſion 
cauſed by it in a given Time: And if 
the Fibre be of a given Sort of Mat- 
ter, and its Extenſion cauſed by the 
Force in à given Time be ſmall; its 
Strength then will be very nearly as 

— Wo 
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the Square of its Diameter direftly, 
and as its Length moerſly. If S de- 
notes the Strength of a Fibre, F the 
1 extending Force, E its Extenſion cau- 
Io fed by the uniform Action of that 
Force in a groen Time, D its Dia- 
meter, and L its Length; then S will 
be as x; and if the Fibre be of a 
given Sort of Matter, and its Exten- 
ſrou be ſmall, then S will be very 


h D 
nearly as L. 


For the Strength of a Fibre will 
be greater, when either a great- 
lt er Force is required to extend it 
1 thro the ſame Space, or the ſame 
1 Force is required to extend it thro' 
| a leſs Space, in a given Time: And 

therefore its Strength will be as the 
extending Force directly, and as 
the Extenſion cauſed by the uniform 
Action of that Force in a given 
; Time 


. — — a 
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Time inverſly, that is, S will be 
as M And by meaſuring the Dia- 
meters and Lengths of Hairs, and 
taking their Extenſions cauſed by 
the uniform Action of Forces in a 
given Time, I found that in ſmall 
Extenſions the Ratio of the extend- 
ing Force to the Extenſion cauſed by 
it in a given Time, is very nearly 
equal to the Ratio of the Square of 


the Diameter of a Hair to its 

b hs | 
Length Srvem is, E is very nearly 
equal to . Therefore the Pro- 


 poſriwn is true. 


Cor. If the extending Force be 
given, the Strength of a Fibre will 
be inverſly as its Extenſion cauſed 
by the uniform Action of that Force 


in a given Time. If F be given, $ 


will be as E. 


O o 2 ex- 
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I examined the Strengths of dif. 


| ferent Kinds of Fibres, namely 


Hairs, Fibres of Silk, and Nerves 


of Animals; and finding them all 


to be affected by the ſame Fluids in 
like manner but in different De- 

rees, I choſe human Hairs as the 
Feſt for Experiments, and from 
them compoſed this Section. 

The Hair I uſed in compoſing the 
two following Tables, was that of 
a healthful young Woman 2 2 Years 
of Age. And in order to diſcover 
how it was affected by different 
Fluids, I uſed ſuch Hairs only where- 
of equal Lengths were equally ex- 
tended by the ſame Force in a given 
Time, that is, ſuch whereof a 
Length of 10 Inches was extended 


by a given Weight through 5 Divi- 


ſions of a Scale, in which an Inch 
was divided into 40 equal Parts. 
And when I had wet one of thoſc 
Hairs with ſome Fluid for one Mi- 

„F -.- "math; 
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nute, I took its Extenſion when wet 
in the Diviſions of the ſame Scale. 
And having got theſe two Exten- 
ſions, and ſuppoſing E to expreſs 
the Extenſion of the wet Hair; its 


Degrees of Strength when dry and 


when wet, will be as — and =_ by 


"= ; 
this Cor. or as 1 and F,,oras100000 


OO0000 
and — And therefore the 


Strength of the dry Hair being ex- 
prefled by xooo00, its Strength 


when wet with that Fluid, will be 
500000 


"mk 

I meaſured the Extenſions of the 
Hairs by means of an Apparatus 
thus contrived. ABC repreſent- 
ed a Ruler, whole Length AD is 
about two Feet, its Breadth DC 
about three quarters of an Inch, 
and its IJhickneſs CV one quarter 
of an Inch. The upper End is re- 
9 ceived 


expreſs'd by 
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ceived into a Block, ſo as that the 
Ruler hangs perpendicularly to the 
Plane of the Horizon. IKL is a 
ſliding Plate of Braſs ſo contrived, 
as that it may be fixed any where on 
the Ruler by means of a Screw M 
preſſing the Plate of Braſs NO a- 
gainſt the Side BCV. From the 
Middle of this ſliding Plate projects 
a ſmall Cylinder repreſented at r, 
having an Hole drill'd thro? it at 
right Angles to its Axis and to the 
Horizon; and the Axis of the Cy- 
linder receives a Screw which preſ- 
ſes againſt the Center of its Baſis. 
Ihe lower End of the Ruler is faced 
with a thin Plate of Ivory ſeven 
Inches in Length; each Inch is di- 
vided into 40 equal Parts, ab, bc, 
&c. and each of thoſe Parts by 
means of a diagonal Scale into four 
others. pRq is a ſmall piece of 
Braſs 8 Grains in Weight, having 
a Groove on its upper Part, where 

It 
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it is pierced with a very ſmall Hole 
in order to receive the End of a 
Hair under the Screw o; and pq re- 
preſents an human Hair for cutting 
the Diviſions on the Scale PC, 
Having paſs'd one End of an Hair 
thro' the ſmall Hole at R, and faſten'd 
it by turning the Screw o, I drew the 
other End by help of a ſmall bearded 
Wire through the Hole in the Cy- 
linder r, and fixed it by the Screw 
n, ſo as always to have an Interval 
of 10 Inches between thoſe Screws. 
Then on the Groove of the Braſs 
pRq I hung a Scale with a Weight 
W, and obſerved the encreaſed 
Length or Extenſion of the Hair 
when dry in two Minutes of Time, 
cauſed by the uniform Action of the 
given Weight of 300 Grains, which 
was the Sum of the Weights of the 
Scale, of W, and of the little Braſs 
pRq. If this Extenſion either ex- 
ceeded or fell ſhort of 5 Diviſions of 


the 
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the Scale, the Number pitch'd upon 
for the given Extenſion of a Hair 
when dry, I threw this Hair away 
and try'd others, till I met with one 
which had exactly that given Ex- 
tenſion. I then took off the Scale, 
and gently rub'd the Hair from End 
to End with a Feather dipp'd in ſome 
Fluid, and continued thus wetting 
it for one Minute; at the End of 
which Time, I put on the Scale 
again, and obſerved the Extenſion 
produc'd in two Minutes, the Hair 
being kept wet, by gently rubbing 
it with the wet Feather all the Time. 
Sometimes I got the given dry Ex- 
tenſion by taking a Mean of two or 
more dry Extenſions which were 
near it, and the wet Extenſion cor- 
reſponding to it by taking a Mean 
of the wet Extenſions of the ſame 
Hairs. And after I had found the 
Extenſion of a Hair wet with Water 
to be 35, its Extenſion when dry 

| being 
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being 5: I frequently did not take 
the dry Extenſions, but took the Ex- 
tenſions of Hairs, firſt wet with Wa- 
ter, and afterwards, when they were 


dried, with other Fluids. And if 


the Extenſion of a Hair wet with 
Water, was a few Diviſions either 
above or below 35, I got the true 
Extenſion of a Hair wet with ſome 
other Fluid correſponding to the 
Extenſion 35 when wet with Water, 
by this Analogy. As the Extenſion 
greater or leſs than 35 is to 35, fo 
is the Extenſion correſponding to 
that greater or leſs Extenſion when 
a Hair is wet with ſome other Fluid, 
to the Extenſion it would have had 
when wet with that Fluid, had its 
Extenſion when wet with Water 
been 35. Thus I got the Exten- 
ſions of Hairs, and from thoſe Ex- 
tenſions compoled the following 


Tables. 


P p TABLE 
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TABLE I. 

Sele 5 

2 95 

281228 
28 
Dry $a 5 {100000 
Wet with Mutton Suet melted 5 798039 
Fat of a Turkey melted SF | 97561 
Oil Olive 57 | 96154 
Oil of Turpentine Fs | 95238 
Oil of Fennel 54 | 95238 
Butter melted 54 | 95238 
Salt of Tartar per deliquium 6%] 79365 

A ſtrong Solution of —— 4 63 

mon Salt 4 | 74974 
Spirit of Wine rectified 7 | 71428 
Rum 9+ | 52631 
A itrong Solution of be} os 1 ood 

armoniac | T | 52038 
Good Brandy 10 | 50000 
A ſtrong Solution of Sal- gem 124 | 40000 
A ſtrong Solution of Nitre 20 | 25000 
A ſtrong Solution of fineSugar 20 | 25000 
Meath 227 22222. 
Cream of Cow's Milk 23+-| 21459 
Juice of Mazzard Cherries 247 | 20272 

' Gravy of roaſt Beef 26 | 19231 
Cow's Milk skim'd 26 | 19231 
A ſtrong Solution of Green), 8918 

Virriol 33 

uice of a ripe Nectarin 275 | 18116 
Juice of a Lemon 28 | 17857 
Juice of a ripe Peach 28+ | 17544 
A ſtrong Solution of Alum 28L | 17544 
French Claret 29 | 17241 
A ſtrong Solution of Salt of : 

Tartar 292 | 16949 
Vinezar | 295 | 16949 
Juice of common Cherries 291 | 16949 
Sheep*'s Gall a | 30 | 16666 

Juice of a green Apricock 30 | 16393] 
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5 | | 
TABLE I. l 
Gs Ron OS. "A . * Ul 
S 818 82 8 I 
S SCEE | 
= 815 82 | 
2 22 v| 5 c 
Xx =|&<=| =£ "W 
OS —3,- 3% 2-8 4 
Wet with Juice ot a ripe Apple 5 |39x | 16393 | | 
Juice of raw Beef | 3 l 16129 ! i | 
Gravy of roalt Veal 31 | 16129 el 
BoyPd Water, when cold 31 | 16129 Will 
Gravy of boy\'d Mutton 31 | 16129 | | 
Juice of Rasberries 31 | 16129 . 
*. of Billberries 313 15748 | 
uice of Currans 32 | 15625 
Juice of Gooſeberries 32 | 15625 11 
on of Parſley 32 { 15625 | 
ew in June 321 15384 i 
Juice of raw Turneps 3275 15290 17 
Juice of Sorrel 323. , 15267 ll 
Juice of a very ripe Apricock 33 15171 1 
Juice ot raw Carrots 33 15151 f 
Juice ot Cucumbers 33 15151 
Juice of Purſlain 33 | IF1I51 
uiceof Lettice 33 | IF151 
— of Mint 33 | 15151 
Juice of Fe _ 1 . | 
A ſtrong Infuſion of Muſ- x 1 
2 in Water 7 [335 1 | 
Juice of raw Onions | 34 | 14706 1 
Juice of raw Potatoes 34 | 14706 4 
Juice of raw Cabbage 342 | 14492 14 
Water cold 35 | 14285 i 
Juice of raw Parſneps 35 | 14285 : 
uice of Dandelion 35 | 14285 | 
hc of Sage | 35+ | 14194 | 
uice of raw Selery 36 [13888 1 
Juice of Water Creſſes 37 | 13514 
Juice of Scurvy-Graſs 38 | 13158 i 
Spirit of Sal-armoniac þ | 6896]. it 
Water hot 80 6250 it 
Spirit of Vitriol 
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TENSE TELL 


OBSERVATIONS on the Tables. 


O8. 1. 1 Fibres are ſtrong- 

er when they are dry, 
than when they are wet with any of 
the Fluids of theſe 'I ables. 


OBf. 2. By the firſt Table, Fats 
and Oils ſtrengthen animal Fibres 
out of the Body more than ardent 
Spirits; ardent Spirits ſtrengthen 
them more or leſs, as they are more 
or leſs rectified; Cream of Cows 
Milk ſtrengthens them more than 
skim'd Milk, and fermented Liquors 
more than cold Water : But ardent 
Spirits and fermented Liquors of all 
Kinds are compoled of Oil and Wa- 
ter united by Fermentation, the Wa- 
ter, by means of ſome ſaline Spirits 
with which *tis impregnated, diſ- 


ſolving 
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ſolving the Oil, and volatilizing it 
by the Action; Cream of Cows 
Milk contains more oily Parts than 
skim'd Milk; and even Water is not 
void of oily Parts, foraſmuch as out 
of it grow all vegetable and animal 


Subſtances which contain ſuch Parts 


in their Compoſition: And there- 
fore it is rational to attribute the 
ſtrengthening Powers of all theſe 
Fluids to their oily Parts. 


OH. 3. Dew, which is compo- 
ſed of watry Vapours condenſed, 
ſtrengthens animal Fibres little more 
than cold Water: But Salt of Tartar 
per deliquium ſtrengthens them 
much more than the ſtrongeſt Solu- 
tion of the ſame Salt in cold Water: 
And therefore this Salt in deliqua- 
ting draws ſomething out of the Air 
beſides Water. What that is, may 
be gathered from Prop. 24. and 
the following Chymical Experi- 
ments 


— _— = ö 


_ ä — — 
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ments and Inferences drawn from 
them. 

A Solution of Silver in Aqua 
cc fortis poured upon Copper, dil- 
ce ſolves the Copper and lets go the 
« Silver; a Solution of Copper 
<«« poured upon Iron, diſſolves the 
© Iron and lets go the Copper; a 
solution of Iron poured upon La- 
« pis Calaminaris or Zink, diflolves 
ce the Lapis Calammaris or Zink 
and lets go the Iron; a Solution 
« of Zink poured upon Chalk, 
“ Crabs Eyes or Oyſter- ſhells diſ- 
e ſolves the Chalk, Crabs Eyes or 
64 Oylter - ſhells and lets go the 
« Zink ; a Solution of Chalk, Crabs 
“Eyes or Oylter-thells mix*d with 
<« Spirit of Sal- armoniac, unites 
< with the Spirit and lets go the 
«© Chalk, Crabs Eyes or Oyſter- 
6e ſhells; and this Mixture poured 
c upon Salt of Tartar per deliquium, 
_ © diflolves the Salt and lets go the 
volatile 
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« volatile Spirits. Hence the acid 
c Particles of Aqua fortis are at- 
tracted more ſtrongly by Cop- 
t per than by Silver, and more 
; Nag by Iron than by Copper, 
© and more ſtrongly by Lapis cala- 
* mmaris or Zink than by Iron, 
and more ſtrongly by Chalk, 
© Crabs Eyes or Oytter-ſhells than 
« by Zink, and more ſtrongly by 
Spirit of Sal-armoniac than by 
*© Chalk, Crabs Eyes or Oyſter- 
ce ſhells, and more ſtrongly by Salt 
ce of Tartar per deliquium than by 
<«« Spirit of Sal-armoniac. to 
Hence it appears, that Salt of 
Tartar per deliquium attracts Acids 
more ſtrongly than Metals do, or 
any Body we know of : But the Air 
abounds with acid Particles, by Prop. 
24: And therefore the watry Moi- | 
{ture imbibed from the Air by this 
Salt when it deliquates, muſt neceſ- 


Q q ſarily 


cc 
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farily be ſtrongly impregnated with 


acid Particles. 

And if the Acid of the Air be the 
ſole Cauſe of the great Exceſs of the 
ſtrengthening Power of Salt of Tar- 
tar per deliquium above that of the 
ſtrongeſt Solution of the ſame Salt 
in Water, as I think it muſt be al- 
low'd to be; then ſuch as receive 
molt of that Acid into their Blood 
in a given Time, will, cæteris pari- 
bus, have the ſtrongeſt Fibres. Hence 
animal Fibres are ſtrongeſt in froſty 
Weather, are ſtronger in Winter 
than in Summer, in cold Countries 
than in hot, in dry Weather than in 
moilt, and in Winds which blow 
from the North and Eaſt, than in 


Winds blowing from the South and 
Weſt. | 


OL. 4. By the ſecond Table, Spi- 
rit of Sal- armoniac and Sheep's 
Gall, 
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Gall, leſſen the ſtrengthening Powers 
of Oils, ardent Spirits, Cream, and 
fermented Liquors; and the Spirit 
leſſens them more than the Gall: 
But by the ſecond Obſervation Oils, 
ardent Spirits, Cream, and ferment- 
ed Liquors have their ſtrengthening 
Powers from their oily Parts: And 
therefore Spirit of Sal- armoniac and 
Sheep's Gall muſt leſſen the ſtrength- 
ening Powers of thoſe Fluids by pro- 
ducing ſome Change in their oily 
Parts. Hence Gall in the Inteſtines 
of Animals, leſſens the ſtrengthen- 
ing Power of the oily Part of the 
Aliment in its Paſſage thro them. 


Obſ. 5. The Fats of Animals are 
rather more ſtrengthening than Oil- 
Olive, which ſhews that the oily 
Part of the Nouriſhment regains in 
the Blood that Part of its ſtrength- 
ening Power which it loſes in the In- 

teſtines by being mix d with the 


Qq * Gall: 


ö 
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Gall: But the Acid of the Air has 
a very great ſtrengthening Power, 
by OH. z; and the Blood of Ani- 
mals has a conſtant Supply of this 
Acid by means of Reſpiration, by 
Prop. 24: And therefore it is ratio- 
nal to attribute the Recovery of the 

ſtrengthening Power of the oil 
Part of the Nouriſhment deſtroy'd 
by the Gall in the Inteſtines, to the 

Acid of the Air. 

And if Oil, when its ſtrengthen- 
ing Power is deſtroy'd or greatly leſ- 
ſened by Gall, can recover it again 
by being mix'd with the Acid of the 
Air, we may allow this Acid to be 
the immediate Cauſe of the ſtrength- 
ening Powers of Oils and all Fluids 
abounding with oily Parts. For 
Spirit of Sal-armoniac very much 
leſſens the ſtrengthening Powers of 
Oils and Fluids abounding with oily 
Parts, by the ſecond Table: But this 
Spirit attracts Acids very ſtrongly by 
the 
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the Experiments in O#/. 3: And 
therefore it is rational to think that 
it lefſens the ſtrengthening Powers 
of the ſaid Fluids by drawing of an 
Acid from their oily Particles: This 
Acid muſt be the ſame with the vo- 
latile Acid of the Air which enters 
the Compoſition of all vegetable 
and animal Subſtances : And conſe- 
quently Oils and Fluids abounding 
ing with oily Particles, have their 
ſtrengthening Powers from the A- 
cid of the Air united with thoſe 
Particles. And that animal Fibres 
have their Strength from the ſame 
Cauſe will be ſhewn in the next Ob- 


ſervation, 


O. 6. Spirit of Sal- armoniac 


uſed alone weakens animal Fibres 


much more than cold Water; and 
it weakens them gradually, that is, 
if they be extended ſucceſſively be- 
ing ſuffered to contract after every 
Extenſion, 
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Extenſion, they will grow weaker 
in every ſucceeding Extenſion for a 
conſiderable Time. For an Hair 
kept wet with this Spirit, was weak- 
er in the 25th Extenſion than in the 
firſt in the Proportion of x to 2; and 
another Hair kept wet with it, was 
weaker in the 6oth Extenſion than 
in the firſt in the Proportion of 10 
to 23. I try'd this laſt Hair four 
Days after when wet with the ſame 
Spirit, and found that it had not 
recovered any part of its loſt 
Strength in that Time; but was 
then as weak in the firſt Extenſion, 
as it was in the Goth in the firſt 
Trial. Hence Spirit of Sal- armo- 
niac gradually weakens the Power of 
the Cauſe upon which the Strength 
of animal Fibres depends: But this 
Spirit from its attracting Acids very 
ſtrongly, greatly leſſens the ſtrength- 
ening Power of oily Particles by 
drawing off the Acid of the Air from 

them, 
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them, by C/ 5 ; and animal Fibres 
contain an Acid in their Compoſi- 
tion, foraſmuch as they contain 
Salt; and Salt is compoſed of Acid 
and Farth united by Attraction, as 
Sir Jſaac Newton has ſhewn, Opt. 
p. 360: And therefore Spirit of 
Sal-armoniac gradually leflens the 
Strength of animal Fibres, by gra- 
dually drawing off an Acid from 
their earthy Parts, upon which A- 
cid the Strength of Fibres depends. 
This Acid muſt be the ſame with 
the Acid of the Air, becauſe Ani- 
mals have a conſtant Supply of this 
Acid both from their Food, and by 
means of Reſpiration. 


O. 7. The Juices of Water- 
Creſſes and Scurvy - Graſs, weaken 
animal Fibres ſomething more than 
cold Water, but much leſs than Spi- 
rit of Sal-armoniac; and they pro- 
bably do it, as that Spirit does, by 

drawing 
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drawing off 4 ſmall Portion of the 
Acid from the earthy Parts of the 
Fibres: 


09%. 8. Spirit of Vitriol weakens 
animal Fibres gradually, like Spirit 
of Sal-armoniac. For a Hair Go 
wet with this Spirit was weaker in 
the 12th Extenſion than in the firſt 
in the Proportion of 71 to 15. The 
Way this Spirit weakens animal Fi- 
bres may be this : The earthy Part 
of a Fibre may attract this Spirit 
more ſtrongly than its own Acid 
from whence it has its Stren gt, and 


not being able to hold both, may 


let go its own to cloſe with this, and 
ſo loſe its Strength. The Caſe here 


is much like that deſcribed by Sir 


Tfaac Newtonin theſe Words.“ When 
© Spirit of Vitriol poured upon 
common Salt or Salt-petre makes 
< an Ebullition with the Salt and 
© unites with it, and in Diſtillation 

* "we 


Cc 


Ln) 
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© the Spirit of the common Salt or 
** Salt-petre comes over much eaſter 
ce than it would do before, and the 
cc acid Part of the Spirit of Vitriol 
© ſtayg behind; does not this argue 
ce that the fix'd Alcaly of the Salt 
** attracts the acid Spirit of the Vi- 
c trio] more ſtrongly than its own 
©© Spirit; and not being able to hold 


* them both, lets go its own? 


Opt. P. 353. 
OBf. 9. Rectified Spirit of Wine 


ſtrengthens animal Fibres at firſt 
much more than cold Water; but 
if Fibres be kept conſtantly wet with 
it, they will grow weaker in every 
Extenſion for ſome Time. For a 
Hair kept conſtantly wet with it, 
was weaker in the 24th Extenſion 
than in the firſt in the Proportion 
of 26to 7; but it was then ſtronger 
than if it had been wet with Water 


in the Proportion of 35 to 26: So 
R x that 


\ 
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that tho' Hairs wet with this Spirit 
grow weaker and weaker in every 


Extenſion, yet as far as I have try'd 


they never come to be ſo weak as 


when wet with Water. The Rea- 
ſon may be, that the ſpirituous Part 
of this Fluid evaporates much faſter 


than its watry Part : For this will 
leave the Hair more ſaturated with 
Water and leſs with Spirit in every 
ſucceeding Trial, and ſo gradually 
weaken it, tho' never ſo much as 
cold Water. The Strength of a Hair 
wet with this Spirit in the firſt Table, 
was taken from the firſt Extenſion, 
in which we may ſuppoſe the Hair 
to be moſtly ſaturated with this Spi- 
rit. But the Strengths of Hairs wet 
with Spirit of Sal-armoniac and Spi- 
rit of Vitriol were taken from the 
laſt Extenſions of the Trials I made, 
as they ought to be, on account of 
the Change made in the Texture of 
the Fibres by thole Spirits. 

055. 
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OH. 10. Spirit of Sal-armoniac 
and the Gall of Animals ſcarce al- 
ter the ſtrengthening Power of the 
{trongeſt Solution of common Salt 
in Water; which argues that the 
acid Part of common Salt is more 
ſtrongly attracted by the Alcaly of 
that Salt, than it is by Spirit of Sal- 
armoniac and the Gall of Animals. 
Hence common Salt is of a very per- 
manent Nature, and a great Pre- 
ſerver of animal and vegetable Sub- 
ſtances from Putrefaction when they 
are {aturated with it, 


OZ/. 11. Spirit of Sal-armoniac 
and the Gall of Animals mix'd with 
Salt of Tartar per deliquium, en- 
creaſe its ſtrengthening Yower ; and 
this they do by imparting ſome A- 
cid to that Salt. For Salt of Tartar 
per deliquium attracts Acids more 
ſtrongly than Spirit of Sal-armoniae 
does, by the Experiments in C/. 3 ; 

EY 3 and 


1 —— D—D—— 
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1 and conſequently, by the ſtronger 

Fi Attraction, it not only retains its 

|| own Acid, but draws ſome Acid 
from the Salts of the Spirit and 
Gall, and has its ſtrengthening 
Power encreaſed thereby. 


O. 12. Vegetable Juices taken 
one with another, ſtrengthen ani- 
mal Fibres ſomething more than 
cold Water. The Juices of Fruits 
ſtrengthen them ſomething more 
than the Juices of Roots or Herbs; 
and the Juices of green Fruits a little 
more than the Juices of Fruits which 
are ripe. In general, vegetable 
| Juices ſtrengthen leſs than the Gra- 
1 vies of fleſh Meats, and Water leſs 
| | than fermented Liquors ; whence 
1 Perſons who live upon fleſh Meats 
[| and fermented Liquors have, cæte- 
14 11s par ibus, ſtronger Fibres than Per- 

[ ſons who live upon Vegetables and 
Water. Air is much worſe, from 


putrid 
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putrid V apours and Exhalations, in 
Cities than in the Country ; on 
which account, a Diet of fleſh Meats 
and fermented Liquors taken in 
moderate Quantities, is more ne- 
ceſlary in Cities than in the Coun- 
try, to ſtrengthen the Fibres and 
preſerve Bodies from Diſeaſes. Freſh 
Air is a great Strengthener of the 
Fibres, and a great Preſerver of ani- 
mal Fluids from Putrefaction; and 
conſequently does not require fo ge- 
nerous a Diet to keep Bodies in 
Health, as an Air corrupted by pu- 
trid Vapours and Exhalations. 


O. 13. So then, by the fore- 
going Obſervations, animal Fibres 
ſeem to have their Strength, and 
Fluids their ſtrengthening Powers, 
from the Acid of the Air, united 
with their component Particles by 
virtue of its ſtrong Attraction. 


The 
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The Acid of the Air and other 
acid Spirits, ſeem to have their at- 
tractive Powers from the Particles 
of Light united with their compo- 
nent Particles. For Sir [/aac New- 
ton has ſhewn from Experiments and 
Obſervations, that both Acids and 
Light attract fix d Bodies more 
ſtrongly than they do Water, that 
the attractive Powers of the Parti- 
cles of Light in Proportion to their 
Quantities of Matter are exceed- 
ingly great, for Inſtance, the At- 
traction of a Ray of Light in Pro- 
portion to its Quantity of Matter, 
is above 1000000000000000 times 
greater than the Gravity of a Body 
at the Surface of the Earth is in Pro- 
portion to its Quantity of Matter, 
and that Light enters the Compoſi- 
tion of all Bodies; from all which it 
is rational to attribute the attractive 
Powers of acid Particles to the Par- 
ticles of Light united with them. 

From 
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From the immenſe Attraction of the 
Rays of Light in Proportion to theit 


Quantities of Matter, Sir //aac New- 


ton makes the following Inference. 


cc 
cc 
0 


* 


cc 


c 


A 


cc 
- 


A 


Tanta autem vis in Radiis, non 
poteſt non ingentes effectus ob- 
tinere in illis materiæ particulis, 
quibuſcum in corporibus compo- 
nendis conjuncti ſint; ad efficien- 
dum, ut particulæ illæ ſe invicem 
attrahant, et inter ſe moveantur. 


And he expreſſes much the ſame 
Opinion in Q. 30. of his Opricks 
in theſe Words. Are not groſs 


cc 
cc 
cc 
cc 
cc 


cc 


Bodies and Light convertible into 
one another, and may not Bodies 
receive much of their Activit 

from the Particles of Light 
which enter their Compoſition? 
For all fix d Bodies being heated 
emit Light ſo long as they con- 
tinue ſufficiently hot, and Light 


- mutually ſtops in Bodies as often 


* 
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ce as its Rays ſtrike upon their Parts, 
cc as we ſhew'd above. 


OH. 14. Mr. Hales in his Hege- 
table Staticks has ſhewn that volatile 
Salt of Sal-armoniac diftilPd abſorbs 
true permanent Air, or deſtroys 
part of its Elaſticity: But this Salt in 
Spirit of Sal-armoniac attracts Acids 
ſo ſtrongly as to be able to draw them 
off from Metals and Earths diſſolved 
by them, by the Experiments in 
OH. 3; and the Particles of true 
permanent Air are of a fix'd and 
earthy Nature: And therefore it is 
rational to think, that the volatile 
Salts of Sal-armoniac diſtill'd ab- 
ſorb true permanent Air, or deſtroy 
its Elaſticity, by drawing off an Acid 
from its component Particles. And 
if ſo, then the ſame Cauſe which 
gives the Particles of fix d Bodies an 
attractive Power when they touch, 

whereby 


ANIMAL OE CON OMV. 319 
whereby they ſtick together, gives 
them a repulſive Power whereby 
they fly or endeavour to fly aſunder, 
when by Heat or Fermentation they 
are removed to ſmall Diſtances from 
one another. 


2822 2828888888882 
PRO POST ION ANI. 
Nimal Fibres by Age encreaſe in 


Denſity and Strength, and leſſen 
a little in Magnitude, 


<3 6856 0350 052 09500 099500 0022 095200 
Proof by EXPERIMENTS. 


Experiment 1 | 

HE mean Strengths of the Hairs 

of three Females of the Ages 

8, 22, 57 Years, were as the Num- 
bers 10309, 17967, and 25000, 
8 when 
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when the Hairs weredry : And ſingle 
Hairs of theſe Perſons of the ſame 
Strength when dry, were of the 
Strengths 7812,14285,and22222, 
when they were wet with cold Wa- 
ter. The mean Denſities of theſe 
Hairs were 10390, 11470, and 
12947, the Denſity of Water being 


10000. And their mean Diameters 


I L 


* 
were =) 575 ande part of an 


Inch. 


Exp. 2. The mean Diameter of 
the Hairs of 4 Girls, whoſe mean 
Age was ſeven Years and a half, was 
| | | 757 part of an Inch, and their mean 
Denſity 10348. And the mean 
Diameter of the Hairs of 4 old Wo- 


ll men, whoſe mean Age was 58 Years, 
| K 

| T_ ; 
ll was 35g part of an Inch, and their 
ll mean Denſity 12692. Therefore 


the Propoſition is true. 
| } | | Cor . 


: — = 2 
3 —ͤ "9% nay —— "Wy" 
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Cor. 1. The Strengths of animal 
Fibres in Proportion to their Denſi- 
ties, are leſs in young Bodies than 
in old. For the mean Strengths of 
the Hairs of the three Females in 
the firſt Experiment in Proportion to 
their mean Denſities, are as the 
Numbers 99220, 156643, and 


13399. 


Cor. 2. The Strengths of animal 
Fibres in Proportion to the Quanti- 
ties of Matter in equal Lengths of 
them, are leſs in young Bodies than 
in old. For the mean Quantities 
of Matter in equal Lengths of the 
Hairs uſed in he firſt Experiment, 
computed from their mean Diame- 
ters and mean Denſities, are as the 
Numbers 11544, 11414, and 
10568; and their mean Strengths 
in Proportion to their mean Quan- 
tities of Matter, are as the Numbers 
89301, 157412, and 236563. 

$1 4 Scho- 


| 


\ 


— — — 
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From Fibres growing ſtronger as 
Bodies grow older, without any In- 
creaſe in their Quantities of Matter; 
it is evident that the Power which 
makes the Particles of Fibres to co- 
here and reſiſt extending Forces, 
muſt ariſe from ſome very ſubtile 
Matter, whoſe Particles are endued 
with very great attractive Forces; 
. which ſubtile Matter can be no other 
| than Light. For the Particles of 
1 

f 


Light, from their exceeding Small- 
neſs, may enter the Compoſition of 
Bodies in great Quantities without 
ſenſibly increaſing their Weights, 
and, from their ſtrong attractive 
Powers, may make the Particles of 
the Bodies with which they are uni- 
ted cohere or ſtick together with 
great Force. Hence Fibres will 
grow / ſtronger perpetually as Bodies 
advance in Age, from their (till get- 

ting 
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ting more and more of thele active 
Particles from Food, Exerciſe, Fire, 
and that great Fountain of Light 
the Sun; and conſequently Bodies 
will grow old ſooneſt, whoſe Fibres 
by the aforeſaid Ways get the great- 
eſt Quantity of theſe active Particles 
into their Compoſition in a given 
Time. The Truth of all which 
appears from the following Obſer- 
vations. Old Woods burn more 


vehemently than young Woods of 


equal Dryneſs, which argues that 
they contain more Light in their 
Compoſition. Plants abound more 


with Oil and leſs with watry Juices, 


in Autumn than in Spring ; but Oil 
contains much more Light in its 
Compoſition than Water. Women 
ſooner leave off Child-bearing, and 
Bodies grow old ſooner, in hot Coun- 
tries than in cold. Plants of the 
ſame Kind ſooner come to their full 
Growth and wither ſooner in ſun- 

ſhiny 
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ſhiny than in ſhady Places. And 


violent Exerciſe brings on old Age, 
which conſiſts in an univerſal Hard- 
neſs of the Fibres, as Santtorins has 
obſerved. This Hardneſs of the Fi- 
bres cauſed by violent Exerciſe, may 
ariſe chiefly from a greater Quanti- 
ty of Light imparted to them in a 
given Time, by a greater Quantity 
of Food and a greater Quantity of 
the Acid of the Air. For the watry 
part of the Food muſt communicate 
Light to the Fibres on account of 
their attracting it more ſtrongly 
than Water does, by CH/ 1 3. Prop. 
35- Andifthe Acid of the Air be 
of a watry Nature, and differ chicfly 
from Water in containing much 
more Light in its Compoſition than 
Water does, as from ſome Obſer- 
vations is obvious to collect, then 
this Acid will do the ſame as the wa- 
try part of the Food, and for the 
ſame Reaſon; and granting this, 


ſuch 
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ſuch as take moſt Food, and acquire 
moſt of this Acid byReſpiration, in a 

iven Time, muſt, ceteris paribus, 
— the ſtrongeſt Fibres: But ſuch 
as uſe violent Exerciſe, take more 
Food and more freſh Air than 
others: And conſequently they will 
ſooneſt 7 that Strength and 
Rigidity of the Fibres wherein old 


Age conſiſts. 


* "> GR 4 


ProposITION XXXVII. 

b HE Fibres of Animals are ſtrong- 
er or weaker, as the Air abounds, 

leſs or more with watry / apours or pu- 

trid Exhalations, or more or leſs with 


acid Particles, or as it is colder or hotter. 


1. The Fibres of Animals are 
ſtronger or weaker, as the Air a- 
bounds leſs or more with watry Va- 
pours. For all Sorts of Fibres, and 
moſt other Bodies, are drier or moiſt- 


cr 


— — - 


326 A Treatiſe of the 
er as the Air is drier or moiſter ; 
Woods ſhrink and become lighter 
in dry Weather, and fell and grow 
heavier in wet Weather ; and ave 
found Hairs ſtretched with a very 
ſmall Weight to be ſhorter in dry 
Weather than in wer, in the Day 
than in the Night. A Friend made 
a Hygrofcope of a Piece of Spunge 
throughly dried and counterpoifed 
by a Weight equal to it in that State, 
and obſerved in general, that from 
the Sun-tifing the Weight of the 
Spunge decreaſed till Noon or alittle 
after, and; if the Weather was not 
moiſt, ſtood there till towards Eve- 
ning, when it began to increaſe, and 
increaſed conſiderably in the Night; 
that when the Window was left open 
in the Evening or Night the Weight 
increaſed more; that it increaſed 
very much even in'the Day on waſh- 
ing the Room next to the Cloſet 
where it hung, tho* the Door was 
kept 
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kept lock'd; and that it always in- 
creaſed in wet Weather and decrea- 
ſed in dry Weather. And it has 
been found by ſtatical Experiments 
that human Bodies are lighter in dry 
Weather than in wet Weather, which 
argues that the Fibres of Animals 
are affected by the Weather as other 
Bodies are, or that they are drier or 
moiſter as the Air abounds leſs or 
more with watry Vapours: But dry 
Fibres are {tronger than wet Fibres 
by Tab. 1. Prop. 35. A Hair was 
ſtronger when dry than when wet 
with cold Water in the Proportion 
of 100000 to 14285. I wet a Hair 
with cold Water, and then ſuffer'd 
it to dry, and found it to be ſtronger 
in the ſeventh Extenſion than in the 
firſt which was made immediately on 
leaving off wetting it, in the Propor- 
tion of 71 to 34; which ſhews that 
wet Fibres grow ſtronger as they 
grow drier: And therefore the Fi- 
- i BY bres 
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bres of Animals are ſtronger or 
weaker, as the Air abounds leſs or 
more with watry Vapours. 

2. The Fibres of Animals are 
ſtronger or weaker as theAir abounds 
leſs or more with putrid Exhalations. 
For Salts become volatile by Putre- 
faction, by Schol. Prop. 29; and 
conſequently when the Bodies of A- 
nimals and Vegetables are diſſolved 
by Putrefaction, their Salts become 
volatile, and aſcending into the Air 
deſtroy ſome Part of its Acid and 
leſſen its Elaſticity, by virtue of the 
great Power wherewith they attract 
acid Particles, and on both theſe 
Accounts thoſe Salts weaken the Fi- 
bres of Animals more or leſs, as the 
Air abounds more or leſs with them. 
There may likewiſe be Differences 
in the Natures and Powers of theſe 
putrid Salts, by which when mix'd 
with the Blood of Animals they may 
act very differently both upon it and 


the 
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the Fibres, and ſo cauſe Epidemick 
Diſeaſes of various Kinds. But the 
Effects ariſing from the different 
Natures of theſe Salts, I leave to be 
determined by farther Experiments 

and Obſervations. | 
3. The Fibres of Animals are 
ſtronger or weaker as theAir abounds 
more or leſs with acid Particles. The 
Truth of this appears from the Ob- 
ſervations on the Tables of Prop. 3 5. 
4. The Fibres of Animals are 
ſtronger or weaker, as the Air is 
colder or hotter. For Cold con- 
denſes animal Fibres as well as other 
Bodies by bringing their Parts near- 
er together, and Heat rarefies them 
by removing their Parts to greater 
Diſtances from one another: Bur 
the nearer the Parts of Fibres are to 
one another, the greater are the at- 
tractive Powers of thoſe Parts, all 
Attraction being ſtronger at leſs Di- 
ſtances than at greater; and the 
1% greater 


— 
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oreater the attractive Powers of the 
Parts of Fibres are, the greater is the 
Strength of the Fibres: And there- 
fore the Fibres of Animals are 
ſtrengthened by Cold and weaken'd 
by Heat, and conſequently are 
ſtronger or weaker as the Air is 
colder or hotter, Accordingly I 
have found Hairs to be ſtronger in 
Winter than in Summer, and they 
are much ſtronger when wet with 
cold Water than when wet with hot 
1 Water, by Tab. 1. Prop. 3 5. There- 
fore the Propoſition is true. 


Sb Sb db 
11 P ROPOSTITION XXXVIII. 


I ary Fibres of different Strengths 
L be wetted with Water, or Fibres 
14 wet with Water of different Strengths 
ll | be dried; the Loſſes of Strength of the 
4 firſi in Proportion to their Strengths 
| 1 when dry, and the Gains of _ 
1 0 
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of the ſecond in Proportion to their 
Strengths when wet, will each of them 
be leſs in ſtronger Fibres than in weaker, 


Proof by EXPERIMENTS. 


IVE Fairs were extended by a 
given Weight in equal Times, 
thro' the Spaces 3, 4, 5, 6, 7, when 
the Hairs were dry; and thro* the 
Spaces 72, 122, 36, 60, 89, when 
So were wet with Water, Their 
Strengths computed from theſe Ex- 
tenſions, were as the Numbers 3333, 
2500, 2000, 1666, 1428, when 
the Hairs were dry; and as the Num- 
bers 1333, $00, 277, 166, 112, 
when they were wet. And their 
Loſſes of Strength by being wetted, 
were as the Numbers 2000, 1700, 
1723, I500, 1316; which Num- 


bers likewiſe expreſs the Gains of 
Strength which the wet Hairs would 
have acquired by being dried; for I 
have found that Hairs wet with Wa- 
ter 
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ter recover the ſame Degrees of 
Strength by being dried, which 
they loſe by being wetted. And the 
Loſſes of Strength of the dry Hairs 
by being wetted, in Proportion to 
their Strengths when dry, were as 
the Numbers 6000, 6800, 8615, 
9003, 9215: And the Gains of 
Strength of the wet Hairs by be- 
ing dry'd, in Proportion to their 
Strengths when; wet, were as the 
Numbers 1500, 2125, 6220, 9036, 
11750. Therefore the Propoſition 
is true. 

Cor. Hence we ſee the Reaſon 
why Perſons of weak Fibres are more 
affected by Changes of Weather 
from dry to wet and wet to dry, than 
Perſons of ſtrong Fibres. For thoſe 


muſt certainly be moſt affected by 


theſe Changes, whoſe Fibres alter 
moſt in their Strength with reſpect 
to the Strength they had before the 
Changes happened. Accordingly 


we 
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we often find Perſons of weak Fibres 
complain of Lownels of Spirits and 
Pains at the coming on of wet Wea- 
ther, but ſeldom obſerve Perſons of 


ſtrong Fibres to be troubled with 
thoſe Complaints. 


—trentetortortoytotos.os.t 
PROPOSITION XXXIX. 


FF the ſame Fibre both dry and wet 
4 beextended and contracted alter- 
nately for ſome Time, it will in both 
theſe States loſe Part of its Strength by 
this Motion; and the Loſs in a given 
Time an Proportion to the Strength at 
the Beginning of the Motion, will be 
leſs when the Fibre is dry, than when 


it 1s wet. 


Proof by EXPERIMENTS. © 


Extended a dry Hair by a given 
Weight five times ſucceſſively, 
taking off the appended Weight af- 
ter every Extenſion, and ſuffering 


the 
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the Hair to contract as long as it was 
extending, which was two Minutes 
of Time. The firſt Extenſion was 
5 and the laſt 54, whence by the 
firſt Propoſition the Stren ge of the 
Hair in the firſt Extenſion was as 
20000, and in the laſt as 18181; 
and the Loſs of Strength by the Mo- 
tion as 18 19, and the Loſs in Pro- 
portion to the Strength at the Be- 
ginning of the Motion as 909. Af- 
ter this, I wet the fame Hair, and 
kept it wet during five other Exten- 
ſions, the firſt of which was 64 and 
the laſt 93. The Degrees of Strength 
correſponding to theſe Extenſions, 
were as the Numbers 1562 and 
1075; and the Loſs of Strength by 


the Motion in this State of the Fibre 


was as 487, and the Loſs in Pro- 
portion to the Strength at the Be- 

ginning of the Motion as 3118. 
I extended another Hair 7 times, 
both when it was dry and when it 
Was 
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was wet with Water, and found the 
firſt and ſeventh Extenſions to be 6 
and 64 when it was dry. The 
Strengths correſponding to theſe 
Extenſions were as the Numbers 
16666, 14815, and the Loſs of 
Strength by the Motion as 18 51, 
and the Loſs in Proportion to the 
Strength at the Beginning of the 
Motion, as 111. When the ſame 
Hair was wet, the firſt and ſeventh 
Extenſions were 85 and 102. The 
Strengths correſponding to theſe Ex- 
tenſions were as the Numbers 1176, 
980, and the Loſs of Strength by this 
Motion was as 196, and the Loſs in 
Proportion to the Strength at the 
Beginning of the Motion, as 166. 

Therefore the Propoſition is true. 
Cor. Hence we have one Reaſon 
why {pare dry Bodies are not fo ſoon 
tired by Labour and Exerciſe, as Bo- 
dies which are grols and phlegma- 
tick. For the Fibres of the former 
Uu are 
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are drier than the Fibres of the lat- 
ter; and conſequently, by this Pro- 
poſition, lole leſs Strength in a given 
Time in Proportion to their Strength 
at the Beginning of the Motion, than 
the others do: But thoſe Bodies muſt 
certainly bear Labour and Exerciſe 
longeſt without Fatigue, whoſe Fi- 
bres loſe leaſt Strength in a given 
Time in Proportion to their Strength 
at the Beginning of the Motion. A- 
nother Reaſon why the former can 
bear Labour and Exerciſe longer 
without Fatigue than the latter, is, 
that they have lighter Bodies to 
move, and ſtronger Muſcles to move 
them. 
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T H Contraction of a Fibre in a 
giuen Time, in Proportion to ils 
Extenſion cauſed by a grven Weight 
in the ſame Time; is ſomething leſs in 

ſtronger 
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flronger Fibres than in weaker, both 
when the Fibres are dry and when wet 
with I ater. 


Proof by EXPERIMENTS. 


Exp. 1. TH E Extenſions in 2 Mi- 

nutes of 2 dry Hairs of 
2 Girl 8 Years of Age, were 7, 21, 
and their Contractions in the ſame 
Time were 64, 20. And the Ex- 
tenſions of the ſame Hairs when wet 
with Water were 72,118 ; and their 
Contractions 7145, 117. And the 
Contractions in Proportion to their 
reſpective Extenſions, were as the 
Numbers 9464, 9523 when the 
Hairs were dry, and as the Numbers 
9895, 9915 when they were wet 
with Water, 

Exp. 2. The Extenſions of 2 dry 
Hairs of a young Woman 22 Years 
of Age were 4+, 8; and their Con- 
tractions in the ſame Time 4, 72: 
And the Extenſions of the ſame 

CU uz Hairs 
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Hairs when wet with Water were i 5, 
92; and their Contractions 142, 
913. And their Contractions in 
Proportion to their reſpective Ex- 
edi were 8888, 9375 when the 
Hairs were dry, and 9417, 9918, 
when wet with Water. 

Exp. 3. The Extenſions of 2 dry 
Hairs of a Woman 57 Years of Age 
were 5, 13-, and their Contractions 
in the ſame Time 4, 125. And 
the Extenſions of the ſame Hairs 
when wet with Water were 222, 77, 
and their Contractions 214, 752. 
And their Contractions in Propor- 
tion to their reſpective — 
were as the Numbers 9000, 9444 
when the Hairs were dry, and as the 
Numbers 9666, 9838 when wet 
with Water. Therefore the Pro- 
poſition is true. 


